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SUMMARY 


RESEARCH  OBJECTIVES  cJ  c 

1. ^o  evaluate  the  effects  on  human  impact  response  of  negative  G  strap 
incorporation  into  restraint  systems* (Sficiton  IB). 

2.  To  evaluate  human  impact  response  in  the  PCU-15/P  torso  harness  and  lap 
belt  configuration  compared  to  such  response  in  a  conventional  double  shoulder 
strap  and  lap  belt  conf iguration,  (Sectioo_lB)  />n/-  . 

3.  ^To  obtain  human  impact  response  data  for  use  in  present  and  future 
mathematical  modeling  efforts  which  are  intended  to  predict  human  inertial 
response  to  impact .(Section  IB). 

4 

t. 

i 

TEST  PROGRAM 

1.  Twenty-one  volunteer  subjects  were  medically  qualified  to  participate  in 
this  study.  Qualification  and  utilization  of  these  subjects  were  in  accordance 
with  applicable  human  use  guidelines  and  regulations,  notably  AFR  169-3 
(Section  2A,  Appendix  A). 

2.  Four  restraint  configurations  were  evaluated.  These  were  the  PCU-15/P 
torso  harness  and  lap  belt  with  and  without  an  added  negative  G  strap  and  a  con¬ 
ventional  double  shoulder  strap  and  lap  belt  configuration  with  and  without  an 
added  negative  G  strap  (sections  2A  and  2B). 

3.  Forward  facing  (-Gx)  impact  tests  were  conducted  on  the  AFAMRL 
Horizontal  Impulse  Accelerator.  One-hundred  and  one  tests  were  performed  at 
acceleration  levels  up  to  the  experimental  level  of  10  G  peak  (30  ft/sec).  A 
generic  test  seat  and  fixture  were  used  in  which  the  seat  back  was  reclined  13 
degrees  from  vertical  and  the  seat  pan  inclined  up  6  degrees  from  horizontal 
(Section  2B,  Appendix  B). 

4.  The  vertical  (+GZ)  impact  tests  were  conducted  on  the  AFAMRL  Vertical 
Deceleration  Tower.  Eighty-one  tests  were  performed  at  acceleration  levels  up 
to  the  experimental  level  of  10  G  peak  (26  ft/sec).  These  were  accomplished  in 
a  generic  test  seat  and  fixture  with  a  90  degree  seat  back,  the  impact  vector 
being  applied  parallel  to  the  long  axis  of  the  vertebral  column  (Section  2B, 
Appendix  B). 

5.  Pertinent  accelerations,  velocities,  and  loads  were  measured  electron¬ 
ically.  Subject  motion  was  documented  by  high-speed  cameras.  Appropriate  phys¬ 
iologic  data  were  recorded.  Subjective  data  were  obtained  by  means  of  a  post¬ 
test  questionnaire.  (See  sections  2A,  2B,  and  3E;  appendices  A  and  B.) 

6.  Electronic  and  photometric  data  analysis  was  accomplished  using  the 
Wilcoxon  paired-replicate  rank  test.  For  the  electronic  data,  the  95%  con¬ 
fidence  level  was  chosen  as  the  level  of  statistical  significance,  assuming  a 
two-tailed  test.  For  the  photometric  data,  the  more  liberal  90%  confidence 
level  was  selected  (Section  2C). 


RESULTS  FROM  HORIZONTAL  TEST  PHASE 


1.  Adding  the  negative  G  strap  to  the  PCU-15/P  torso  harness  and  lap  belt 
configuration  resulted  in  significantly  lower  vertical  and  resultant  knee 
displacements,  suggesting  a  reduction  in  the  tendency  toward  submarining 
(Section  3B). 

2.  Adding  the  negative  G  strap  to  the  conventional  double  shoulder  strap 
and  lap  belt  configuration  resulted  in  significantly  lower  component  and 
resultant  knee  displacements,  also  indicating  that  torso  submarining  was  less 
likely  with  the  added  negative  G  strap.  However,  associated  findings  included 
significantly  higher  -X  chest  acceleration,  chest  Severity  Index,  and  vertical 
seat  load  (Section  3B). 

3.  Significantly  higher  component  and  resultant  chest  accelerations  e 
chest  Severity  Index  were  found  in  the  PCU-15/P  configuration  compared  to 
conventional  configuration,  regardless  of  negative  G  strap.  The  PCU-15/P  n- 
figuration,  therefore,  provides  less  adequate  fore-aft  impact  protection  \  in 
the  conventional  restraint  (Section  3B). 

4.  There  were  no  clinically  consequential  medical  adverse  effects  during 
the  horizontal  test  phase.  In  particular,  no  medical  contraindications  to  nega¬ 
tive  G  strap  incorporation  were  found  (Section  3D). 

5.  In  the  static  pre-test  condition,  higher  shoulder  strap  and  lap  belt 
pressures  were  generally  perceived  by  subjects  in  the  PCU-15/P  configuration. 
During  impact,  higher  shoulder  strap  pressures  were  generally  perceived  by  sub¬ 
jects  in  the  conventional  configuration  with  the  added  negative  G  strap  than  in 
the  conventional  configuration  without  the  negative  G  strap  (Section  3E). 


RESULTS  FROM  VERTICAL  TEST  PHASE 

1.  Adding  the  negative  G  strap  to  the  PCU-15/P  configuration  resulted  in 
higher  vertical  and  resultant  seat  loads  during  carriage  free  fall,  indicating 
better  occupant-seat  coupling.  Furthermore,  vertical  and  resultant  seat  loads 
were  significantly  less  during  impact,  demonstrating  improved  vertical  impact 
protection  with  the  added  negative  G  strap  (Section  3C). 

2.  Adding  the  negative  G  strap  to  the  conventional  configuration  also 
resulted  in  significantly  higher  vertical  and  resultant  seat  loads  during 
carriage  free  fall,  again  indicating  better  occupant-seat  coupling.  During 
Impact,  resultant  head  and  chest  accelerations  and  the  associated  Severity 
Indices  as  well  as  vertical  and  resultant  seat  loads  were  all  significantly 
less  with  the  negative  G  strap,  thus  demonstrating  improved  vertical  Impact 
protection  (Section  3C). 

3.  During  carriage  free  fall,  significantly  lower  vertical  and  resultant 
seat  loads  were  found  in  the  PCU-15/P  configuration,  indicating  less  adequate 
occupant -seat  coupling  than  in  the  conventional  restraint.  During  impact, 
significantly  higher  resultant  chest  acceleration,  chest  Severity  Index,  and 
vertical  and  resultant  seat  loads  were  observed  in  the  PCU-15/P  configuration, 
demonstrating  less  adequate  vertical  Impact  protection  than  in  the  conventional 


configuration.  These  findings  were  true  regardless  of  negative  G  strap 
(Section  3C). 

4.  There  were  no  clinically  consequential  medical  adverse  effects  observed 
during  the  vertical  test  phase.  In  particular,  no  medical  contraindications  to 
negative  G  strap  incorporation  were  discovered  (Section  3D). 

5.  In  both  static  and  dynamic  conditions,  subjects  generally  perceived 
higher  shoulder  strap  and  lap  belt  pressures  in  the  PCU-15/P  configuration  than 
in  the  conventional  restraint  (Section  3E). 


CONCLUSIONS 

1.  Negative  G  strap  incorporation  into  the  PCU-15/P  configuration  is 
clearly  beneficial.  The  test  results  demonstrate  that  use  of  the  crotch  strap 
in  this  restraint  configuration  decreases  the  tendency  towards  submarining 
during  forward  facing  impacts,  provides  better  occupant-seat  coupling  in  a  free 
fall  environment,  and  improves  vertical  impact  protection  (Section  4A). 

2.  The  available  experimental  and  operational  ejection  data  suggest  that  a 
single  negative  G  strap  may  be  incorporated  into  the  PCU-15/P  configuration  with 
the  expectation  that  impact-related  genital  or  groin  injuries  will  not  signifi¬ 
cantly  increase  (Section  4A). 

3.  Negative  G  strap  incorporation  into  the  conventional  configuration  also 
has  beneficial  effects.  The  crotch  strap,  when  added  to  this  restraint  system, 
decreases  the  tendency  toward  submarining  in  frontal  impacts,  p-ovides  better 
occupant-seat  coupling  during  free  fall,  and  improves  vertical  impact  protec¬ 
tion.  However,  in  addition,  it  may  degrade  fore-aft  impact  protection  in  one 
respect  by  increasing  the  vertical  seat  load  (Section  4A). 

4.  The  conventional  configuration  is  clearly  superior  to  the  PCU-15/P  con¬ 
figuration  as  a  fore-aft  and  vertical  impact  protection  device  (Section  4B). 


RECOWENDATIONS 

1.  Addition  of  a  negative  G  strap  to  the  PCU-15/P  torso  harness  and  lap 
belt  configuration  is  recommended  (Section  4A). 

2.  Further  forward  facing  impact  tests  with  volunteer  subjects  are  recom¬ 
mended  to  explore  the  inverted  V  strap  as  a  protection  device  (Section  4A). 

3.  Further  vertical  impact  tests  with  volunteer  subjects  are  suggested  to 
explore  the  utility  of  the  inverted  V  strap  and  to  perform  a  direct  comparison 
of  the  F/FB-111  restraint  system  to  the  conventional  configuration  with  an  added 
negative  G  strap  (sections  4A  and  4B). 

4.  Further  forward  facing  and  vertical  impact  tests  with  volunteer  subjects 
are  recommended  to  evaluate  and  compare  other  restraint  systems  in  addition  to 
those  examined  in  this  study  (Section  4B). 
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SECTION  1 


1 


INTRODUCTION 


A.  BACKGROUND 

One  of  the  intended  purposes  of  a  negative  G  strap  is  to  prevent  “submarining" 
or  movement  of  the  torso  under  the  lap  belt  during  -Gx  impacts.  By  tethering 
the  lap  belt  to  the  forward  portion  of  the  seat,  the  negative  G  or  crotch  strap 
prevents  the  lap  belt  from  riding  up  and  over  the  anterior  superior  iliac 
crests,  pressing  against  the  abdomen,  and  causing  serious  internal  injury. 
Operationally,  such  forward  facing  impact  accelerations  may  be  experienced  by 
aircrew  members  during  aircraft  crashes  and  during  the  aerodynamic  deceleration 
immediately  following  emergency  ejections. 

Stapp  (1951)  conducted  impact  experiments  with  human  subjects  restrained  by 
harness  configurations  with  and  without  anti -submarining  straps.  He  reported 
that  test  subjects  reached  the  threshold  of  voluntary  tolerance  at  17  G  with  a 
velocity  change  greater  than  98  ft/sec  when  they  were  restrained  by  a  lap  belt 
and  double  shoulder  strap  harness  configuration.  In  these  tests,  Stapp  stated 
that  "the  forward  motion  of  the  shoulders  during  impact  applies  traction  to  the 
shoulder  straps,  raising  the  lap  belt,  permitting  the  lower  half  of  the  body  to 
begin  bending  around  it.  The  upper  edge  of  the  belt  lodges  against  the  lower 
margins  of  the  ribs  and  against  the  upper  abdomen".  One  of  the  subjects  par¬ 
ticipating  in  these  experiments  "sustained  a  broken  rib  cartilage  at  about  12 
G".  The  higher  acceleration  tests  performed  by  Stapp  that  are  more  frequently 
cited  were  accomplished  using  a  pair  of  crotch  straps  to  prevent  the  lap  belt 
from  riding  up  and  over  the  iliac  crests.  Each  crotch  strap  was  attached  to  an 
adjacent  rear  corner  of  the  seat  and  to  the  lap  belt  buckle  to  form  an 
inverted-V.  These  straps  carried  the  tension  loads  of  the  shoulder  straps  into 
the  subject's  pelvis  and  the  seat  structure. 

A  second  purpose  of  the  negative  G  strap  is  to  provide  better  mechanical 
coupling  between  aircrew  member  and  seat  during  low  frequency  flight  vibrations, 
sustained  -Gz  acceleration  maneuvers,  and  adverse  aircraft  motions,  which  occur 
if  the  aircraft  departs  from  controlled  flight.  For  example,  during  sustained 
-Gz  acceleration,  aircrew  members  using  standard  restraint  systems  without  a 
crotch  strap  may  experience  helmet-canopy  contact.  Recently,  an  F-4  pilot 
incurred  a  cervical  fracture  with  neurologic  sequelae  as  the  result  of  such 
acceleration-induced  canopy  contact  (Class  B  Flight  Mishap,  RF-4C  S/N  64-0997). 

The  negative  G  strap  may  also  be  of  benefit  during  other  -Gz  accelerations 
experienced  operationally,  such  as  those  occurring  during  ejection. 

The  Tactical  Air  Conmand  has  recently  issued  a  Statement  of  Operational  Need 
(SON)  for  Advanced  Aircrew  Restraint  System  for  Ejection  Seat  Equipped  Tactical 
Aircraft.  This  SON,  designated  TAF  322-79,  calls  for  improved  restraint  during 
sustained  -Gz  acceleration,  out-of-control  flight  conditions,  and  emergency  escape. 
Incorporation  of  a  crotch  strap  into  existing  operational  restraint  systems  may 
be  the  first  step  toward  satisfying  this  need.  In  fact,  negative  G  straps  have 
recently  been  added  to  the  restraint  system  in  some  T-38  aircraft. 
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As  a  result  of  this  SON,  the  Life  Support  System  Program  Office  of  the 
Aeronautical  Systems  Division  has  establlsned  a  Memorandum  of  Agreement  with  the 
Air  Force  Aerospace  Medical  Research  Laboratory  (AFAMRL)  to  Investigate  the 
feasibility  and  effectiveness  of  Incorporating  a  crotch  strap  Into  the  PCU-15/P 
torso  harness  and  lap  belt.  The  terms  of  the  agreement  specify  that  the  eval¬ 
uation  will  be  comprehensive.  Including  human  experiments  In  both  sustained  and 
Impact  acceleration  environments.  If  the  results  of  this  comprehensive  eval¬ 
uation  show  that  the  crotch  strap  Improves  crewmember  protection,  then  the  strap 
will  be  Incorporated  Into  the  harnesses  used  In  the  ACES  II  ejection  seats  of 
the  A-10,  F-15,  F-16,  B-1B,  and  T-46A  aircraft. 

Evaluation  of  the  potential  benefits  and  risks  associated  with  negative  G  strap 
Incorporation  has  been  hindered  by  the  absence  of  adequate  data  bases.  The  ACES 
II  ejection  seat  restraint  system  consists  of  a  lap  belt  and  the  PCU-15/P 
Integrated  parachute  harness  and  torso  restraint.  Although  forward  facing  and 
vertical  Impact  tests  with  volunteer  subjects  have  been  conducted  using  the 
PCU-15/P  torso  harness  and  lap  belt  (Brinkley  &  Shaffer,  1971;  Baumann  et  al., 
1968),  no  tests  have  been  conducted  with  a  crotch  strap  Incorporated  Into  tills 
restraint  system.  The  F/F8-111  harness  Includes  a  crotch  strap  attached  to  the 
forward  portion  of  the  seat  and  this  restraint  harness  has  been  extensively 
tested  In  all  three  cardinal  axes  (Brinkley  et  al.,  1981).  However,  the 
shoulder  strap  geometry  of  the  F/FB-111  harness- Ts  not  comparable  to  the 
PCU-15/P  torso  harness.  Therefore,  further  Impact  tests  of  the  PCU-15/P  torso 
harness  and  lap  belt  restraint  system  were  required  to  substantiate  the  benefits 
of  Incorporating  a  negative  G  strap  attached  to  the  forward  portion  of  the  seat 
Into  that  restraint  configuration. 

A  conventional  double  shoulder  strap  and  lap  belt  restraint  harness  was  used  as 
the  standard  for  comparison  In  this  study.  This  harness  had  been  previously 
used  as  a  standard  for  comparison  In  1980  during  vertical  Impact  tests  to  eval¬ 
uate  the  F/FB-111  crew  seat  and  restraint  system.  In  that  study  (Brinkley  et  al_., 
1982),  statistically  significant  Increases  In  the  resultant  lap  belt  load  an? 
seat  loads  were  observed  In  the  conventional  harness  compared  to  the  F/FB-111 
harness.  It  was  theorized  that  these  findings  were  due,  at  least  In  part,  to 
the  absence  of  a  crotch  strap  In  the  conventional  harness.  In  the  present  study, 
the  results  of  human  vertical  Impact  tests  In  the  conventional  harness  with  an 
added  negative  G  strap  may  Improve  understanding  of  those  earlier  findings. 


B.  PROGRAM  OBJECTIVES 


The  primary  objective  of  this  research  effort  was  the  comparative  evaluation  of 
human  Impact  response  In  restraint  systems  with  and  without  a  negative  G  or 
crotch  strap.  Vertical  Impacts  and  forward  facing  Impacts  were  performed  In  the 
PCU-15/P  torso  harness  and  lap  belt  and  conventional  double  shoulder  strap  and 
lap  belt  configurations.  The  harnesses  were  tested  with  and  without  an  added 
negative  G  strap. 

There  were  also  a  number  of  secondary  test  program  objectives.  These  Included 
a  comparison  of  human  response  In  the  PCU-15/P  harness  to  such  response  In  the 
conventional  harness,  clarification  of  previous  vertical  tests  comparing  the 
F/FB-111  harness  to  the  conventional  harness,  and  establishment  of  performance 
base  line  data  that  can  be  used  to  guide  the  development  of  new  and  Improved 
restraint  systems.  Another  purpose  of  this  test  program  was  to  provide  human 
Impact  response  data  for  present  and  future  mathematical  modeling  efforts,  the 
goal  of  which  Is  to  predict  human  response  to  Impact. 


SECTION  2 


TECHNICAL  APPROACH 


A.  EXPERIMENTAL  DESIGN 

The  several  null  hypotheses  evaluated  in  this  study  may  be  summarized  as  follows 
First,  human  impact  response  in  the  PCU-15/P  torso  harness  and  lap  belt  is  not 
significantly  different  from  such  response  in  the  same  PCU-15/P  system  with  an 
added  negative  G  strap.  Second,  human  impact  response  in  the  conventional 
double  shoulder  strap  and  lap  belt  configuration  is  not  significantly  different 
from  such  response  in  the  same  conventional  harness  with  an  added  negative  G 
strap.  Third,  human  impact  response  in  the  PCU-15/P  torso  harness  and  lap  belt 
is  not  significantly  different  from  such  response  in  the  conventional  double 
shoulder  strap  and  lap  belt  configuration.  Fourth,  human  impact  response  in  the 
PCU-15/P  system  with  an  added  negative  G  strap  is  not  significantly  different 
from  such  response  in  the  conventional  restraint  with  an  added  crotch  strap. 

All  four  hypotheses  were  evaluated  using  both  -Gx  and  +GZ  impact  tests.  The 
forward  facing  or  -Gx  experiments  were  deemed  operationally  relevant  due  to  the 
potential  for  submarining  of  the  torso  under  the  lap  belt  during,  for  example, 
aircraft  crashes.  These  human  impact  tests  were  conducted  on  the  AFAMRL 
Horizontal  Impulse  Accelerator  (HIA).  The  experimental  design  matrix  for  this 
phase  of  the  test  program  is  shown  in  Table  1. 


TABLE  1 

EXPERIMENTAL  DESIGN  MATRIX  FOR  HORIZONTAL  TEST  PHASE 


RESTRAINT  SYSTEM 


NEGATIVE  G  STRAP 


PCU-15/P 

CONVENTIONAL 


Vertical  or  +GZ  impact  tests  were  also  deemed  operationally  relevant  due  to  the 
potential  for  significant  motion  of  the  aircrew  member  relative  to  the  seat 
during  sustained  -Gz  maneuvers.  These  experiments  were  conducted  on  the  AFAMRL 
Vertical  Deceleration  Tower  (VDT).  The  experimental  design  matrix  for  this 
phase  of  the  test  program  is  shown  in  Table  2.  Note  that  the  matrix  is  iden¬ 
tical  to  that  shown  in  Table  1,  but  that  different  cell  designations  have  been 
used  In  order  to  avoid  confusion  among  the  test  conditions  in  the  two  phases  of 
the  program.  The  horizontal  test  phase  preceded  the  vertical  test  phase.  The 
four  experimental  level  exposures  in  each  test  phase  were  randomized  for  each 
subject. 


EXPERIMENTAL  DESIGN  MATRIX  FOR  VERTICAL  TEST  PHASE 
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The  controlled.  Independent  variables  In  this  study  were  the  type  of  restraint 
harness,  the  presence  or  absence  of  the  negative  G  strap,  and  the  charac¬ 
teristics  of  the  Impact  acceleration.  To  assure  comparability  among  the  test 
conditions  In  each  phase  of  this  program,  the  test  facility  operating  parameters 
were  held  constant  for  each  experimental  level  exposure.  For  example,  the  drop 
height  of  the  Impact  carriage  was  held  constant  during  the  vertical  test  phase. 
(See  also  Section  2B.) 

The  Impact  acceleration  profiles  selected  for  use  during  this  study  were 
approximate  half-sine  waveforms  which  had  been  used  in  previous  human  Impact 
test  programs.  In  order  to  minimize  the  potential  for  injury  to  subjects,  the 
tests  were  conducted  at  presumed  subinjury  impact  levels.  For  the  horizontal 
test  phase,  the  6  G  peak  (22  ft/sec)  and  the  8  G  peak  (26  ft/sec)  impact  levels 
were  chosen  as  the  orientation  test  levels  and  the  experimental  exposure  level 
selected  was  10  G  peak  (30  ft/sec).  In  the  vertical  test  phase,  the  orientation 
exposure  was  8  G  peak  (23  ft/sec)  and  the  experimental  exposures  were  performed 
at  10  G  peak  (26  ft/sec).  In  both  phases,  the  forces  acting  on  the  subject  at 
the  experimental  exposure  level  were  generally  sufficient  to  overcome  the  forces 
created  by  voluntary  muscle  contraction.  A  response  suitable  for  comparative 
parametric  analysis  was,  therefore,  produced. 

The  sample  of  subjects  participating  in  this  test  program  was  comparable  to  the 
USAF  flying  population  in  terms  of  age,  sex,  and  anthropometry.  The  medical 
screening  of  all  subjects  prior  to  participation  was  more  highly  selective  than 
a  routine  USAF  Flying  Class  II  evaluation.  (See  also  Appendix  A.)  This  resulted 
in  a  panel  of  supranormal  volunteers,  at  least  from  a  skeletal  integrity  stand¬ 
point.  This  difference  in  the  populations  of  interest  has  a  negligible 
influence  on  the  significance  of  these  test  results,  since  all  tests  were  con¬ 
ducted  below  the  anticipated  injury  threshold,  even  for  a  normal  population.  A 
conservative  approach  to  subject  screening  continues  to  be  necessary  to  assure 
subject  safety. 

The  observable,  dependent  variables  which  were  measured  during  these  experiments 
included  the  harness  strap  loads  and  the  forces  reacted  at  the  seat,  the 
triaxial  translational  acceleration  components  measured  at  the  seat  and  at  the 
subject's  head  and  chest,  and  displacements  of  photometric  targets  placed  on 
the  subject.  The  accelerometers,  load  cells,  strain  gages,  and  other  devices. 


used  to  make  these  measurements  are  detailed  in  Appendix  B.  Significant  unob- 
servable  variables  during  these  experiments  Included  the  motion  of  each  vertebral 
body  and  the  force  distribution  along  the  vertebral  column  of  the  subject  during 
the  Impact  event. 


B.  TEST  CONFIGURATION 

The  test  facility  used  for  the  horizontal  test  phase  of  this  program  was  the 
AFAMRL  Horizontal  Impulse  Accelerator  (HIA) .  The  HIA,  which  operates  on  the 
principle  of  differential  gas  pressure.  Is  shown  and  briefly  described  in 
Appendix  B.  This  test  facility  has  been  more  thoroughly  described  elsewhere 
(Shaffer,  1976).  In  order  to  maintain  constant  impact  test  conditions,  the 

chamber  pressures  of  the  HYGE  actuator  of  the  HIA  were  held  constant.  For  all 

10  G  or  experimental  level  impacts,  the  load  chamber  pressure  was  173  psi,  the 
trigger  or  thrust  chamber  pressure  was  100  psi,  and  the  set  chamber  pressure  was 
30  psi.  Metering  pin  number  2  was  used  to  control  the  flow  of  gas  from  the  load 
chamber  to  the  set  chamber  and  thereby  control  the  acceleration-time  profile. 

The  test  facility  used  for  the  vertical  test  phase  of  this  program  was  the 
AFAMRL  Vertical  Deceleration  Tower  (VDT).  The  VDT  is  shown  and  briefly 
described  in  Appendix  B.  In  order  to  assure  nearly  identical  impact  test  con¬ 
ditions  during  this  test  phase,  the  same  carriage  plunger  (number  102)  was  used 
and  the  carriage  drop  height  was  held  constant.  For  all  tests  conducted  at  the 
10  G  or  experimental  test  level,  the  carriage  drop  height  was  11.0  ft. 

The  test  fixture  used  for  the  horizontal  test  phase  of  this  program  was  the 

"40  G"  seat,  shown  in  Figure  1.  This  generic  seat  and  test  fixture  was  designed 

to  withstand  40  G  Impact  accelerations  and  was  fabricated  by  Production  Design 
Services,  Inc.  Structural  proof  tests  of  the  fixture  to  nearly  40  G  have  been 
accomplished.  This  generic  seat  was  designed  with  standard  operational  ejection 
seat  geometry.  The  seat  back  was  reclined  13°  from  vertical  and  the  seat  pan 
was  Inclined  up  6°  from  horizontal.  The  head  contact  plane  of  the  headrest  was 
located  1  inch  aft  of  the  seat  back  plane.  The  test  fixture  used  in  the  ver¬ 
tical  test  phase  of  this  program  was  a  generic  seat  and  test  fixture  produced  by 
the  Fabrication  and  Modification  Division  of  the  4950th  Test  Wing.  This  test 
fixture,  shown  in  Figure  2,  permits  a  wide  variety  of  seat  and  restraint  harness 
adjustments.  Adjustable  features  of  the  test  fixture  include  the  seat  back 
angle  and  the  locations  of  the  headrest  and  restraint  strap  attachment  points. 

In  this  phase  of  the  test  program,  the  90°  seat  back  angle  position  was  selected 
for  use.  The  seat  pan  plane  was  not  Inclined.  The  head  contact  plane  of  the 
headrest  was  1  inch  aft  of  the  seat  back  plane,  as  per  MIL-S-9479B. 

The  vertical  headrest  adjustment  was  held  constant  for  each  subject  in  each 
phase  of  this  study.  The  required  vertical  headrest  adjustment  provided  ade¬ 
quate  head  support,  enabling  the  subject  to  brace  his  head  against  the  headrest. 
Adequate  head  support  was  presumed  to  be  present  when  the  approximate  Frankfort 
plane  of  the  subject  intersected  the  headrest.  The  Frankfort  plane  is  defined 
by  the  lowest  points  in  the  Inferior  orbital  rims  and  the  midpoint  of  the  line 
connecting  the  highest  points  in  the  margins  of  the  auditory  meati. 


Figure  1.  Test  Fixture  for  Horizontal  Test  Phase. 


Generic  seats  and  test  fixtures  were  selected  for  use  during  both  phases  of  this 
study  to  allow  broader  applicability  of  test  results.  Use  of  a  specific  opera¬ 
tional  ejection  seat  in  these  tests  may  have  limited  applicability  of  the  test 
results  to  that  operational  escape  system. 

Two  restraint  harnesses  were  used  during  this  evaluation.  The  PCU-15/P  torso/ 
parachute  harness  (formerly  known  as  the  PCU-2/P)  was  used  by  most  of  the  male 
subjects  in  the  study  (Figure  3).  The  smaller  male  subjects  and  the  female  sub¬ 
ject  used  the  smaller  size  PCU-16/P  torso  harness.  The  shoulder  straps, 
attached  to  the  parachute  riser  and  restraint  fittings  (Koch  part  number 
015-12231-3)  of  the  PCU-15/P  harness,  consisted  of  1  3/4  inches  wide  polyester 
Type  I  webbing  (MIL-W-25361) .  The  lap  belt  used  with  the  PCU-15/P  torso  harness 
was  an  HBU  configuration  constructed  of  1  3/4  inches  wide  polyester  Type  III 
webbing  (MIL-W25361) . 

The  second  harness,  which  was  used  as  a  control  or  standard  of  comparison,  was 
a  conventional  or  standard  USAF  double  shoulder  strap  and  lap  belt  configuration 
(Figure  5).  This  conventional  harness  had  also  been  used  as  a  standard  for 
comparison  in  other  AFAMRL  impact  studies.  The  shoulder  straps  of  this  conven¬ 
tional  restraint  were  an  adjustable  Type  MB-6  harness  constructed  of  1  3/4 
inches  wide  Type  I  polyester  webbing  and  the  lap  belt  was  an  HBU  configuration 
constructed  of  1  3/4  inches  wide  Type  XIII  nylon  webbing  (MIL-W-4088H) . 


The  lap  belt  of  either  harness,  of  course,  was  anchored  at  two  locations. 
However,  the  shoulder  straps  were  anchored  at  a  single  location  on  the  aft 
bulkhead  of  the  test  fixture.  Triaxial  loads  were  measured  at  these  three 
harness  attachment  points. 

The  negative  G  strap  (USAF  Part  No.  45402-0101649-01),  added  to  the  restraint 
harnesses  in  some  test  conditions  {see  Figures  4  and  6),  consisted  of  1  3/4 
inches  wide  polyester  Type  I  webbing.  In  order  to  accommodate  the  added  nega¬ 
tive  G  strap,  a  modified  Type  MA-1  harness  buckle  was  used  with  each  lap  belt 
during  all  tests  in  this  series.  The  negative  G  strap  was  anchored  at  a  point 
15  inches  forward  of  the  seat  reference  axis  in  all  tests.  This  position 
corresponds  to  the  distance  from  the  seat  reference  axis  to  the  center  of  the 
forward  edge  of  the  ACES  II  survival  kit  lid  and  is  consistent  with  accepted 
guidance  (Desjardins  &  Laananen,  1980).  During  the  horizontal  test  phase,  the 
vertical  location  of  this  anchor  point  was  1/8  inch  below  the  X  axis  (see  Figure 
B-7).  During  the  vertical  test  phase,  the  vertical  location  of  the  negative  G 
strap  anchor  point  was  6/10  inch  below  the  X  axis  (see  Figure  B-8). 

Before  impact  tests  were  conducted  in  either  test  phase,  the  length  of  the 
negative  G  strap  used  was  selected  in  a  static  evaluation  of  several  negative  G 
straps  of  different  lengths.  Subjects  representative  of  the  range  of  subject 
anthropometry  in  this  study  participated  in  the  static  evaluation.  The  negative 
G  strap  selected  for  use  in  each  test  phase  best  fulfilled  the  intended  purpose 
of  the  strap,  i.e.,  tethering  the  lap  belt  to  the  forward  portion  of  the  seat. 
During  the  horizontal  test  phase,  the  negative  G  strap  was  10  inches  in  length. 
During  the  vertical  test  phase,  the  negative  G  strap  was  8  5/8  inches  in  length. 
The  difference  in  these  required  lengths  was  due  primarily  to  the  fact  that  the 
seat  pan  was  inclined  up  6°  from  horizontal  during  the  horizontal  test  phase, 
whereas  the  seat  pan  was  not  inclined  upward  during  the  vertical  test  phase. 

The  four  basic  restraint  configurations  investigated  in  this  study  are  shown  in 
Figures  3  through  6.  As  previously  noted,  each  restraint  configuration  was  eva- 
evaluated  in  both  -Gx  and  +GZ  impact  tests. 

The  conduct  of  each  human  impact  test  was  the  responsibility  of  a  qualified  and 
experienced  test  conductor.  The  test  conductor  assured  that  the  appropriate 
equipment,  facility,  and  subject  preparations  were  accomplished  prior  to  each 
test  by  means  of  a  pre-established  checklist.  Each  subject  was  properly  fitted 
with  the  PCU-15/P  (or  PCU-16/P)  torso/parachute  harness.  In  particular,  the  leg 
straps  were  adjusted  in  accordance  with  the  harness  technical  order,  so  that, 
when  properly  adjusted,  the  subject  could  not  assume  a  fully  upright  standing 
position.  After  the  subject  was  seated  on  the  test  fixture,  the  lap  belt  and 
shoulder  straps  were  pretensioned  to  20  +  5  lb,  measured  by  load  cells  at  the 
three  attachment  fittings.  The  negative  G  strap  was  a  fixed  length;  its  preten¬ 
sion  could  not  be  adjusted.  Instrumentation  of  the  test  fixture  and  restraint 
harness  is  more  thoroughly  described  in  Appendix  B. 

Subjects  were  instructed  to  assume  the  same  pre-impact  body  position  prior  to 
each  test  in  this  series.  Subjects  were  asked  to  keep  head  back  against  the 
headrest  and  to  maintain  a  mild  to  moderate  amount  of  posterior  cervical  muscle 
tension.  They  were  instructed  not  to  brace  upper  extremities  against  the  lower 
extremities  or  the  seat.  Subject  preparations  and  accelerometer  instrumentation 
of  subjects  are  more  completely  described  in  Appendix  A.  After  delivering  final 
instructions  to  the  subject,  the  test  conductor  initiated  the  appropriate  count¬ 
down  procedures  for  the  test  facility  and  the  impact  test  was  accomplished. 
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C.  EVALUATION  CRITERIA 

Numerous  electronic  measurements  were  obtained  during  these  experiments.  These 
measurements  included  acceleration  of  the  test  sled  (or  carriage),  acceleration 
of  the  test  seat,  and  velocity  change  of  the  test  sled  (or  carriage).  Review  of 
these  parameters  permitted  an  assessment  of  how  well  the  impact  test  conditions 
were  being  controlled.  The  electronic  data  also  included  loads  measured  at  the 
seat;  tensions  at  the  shoulder  strap,  lap  belt  and  negative  G  strap  attachment 
fittings;  and  accelerations  measured  at  the  subject's  head  and  chest.  Review  of 
these  parameters  permitted  assessment  of  subject  impact  response.  All  electro¬ 
nic  data  were  recorded  as  a  function  of  time.  The  Automatic  Data  Acquisition 
and  Control  System  (ADACS)  acquired  data  at  a  rate  of  1,000  samples/second. 

The  accelerometer  packages  used  in  this  study  consisted  of  translational 
accelerometers  made  by  Endevco  and  arranged  in  triaxial  arrays  (see  Appendix  B). 
The  nature  of  these  accelerometers  must  be  borne  in  mind  when  interpretating  the 
data  obtained,  particularly  the  head  acceleration  data.  The  mouth  accelerometer 
array  measures  translational  acceleration  with  respect  to  a  rotating  coordinate 
frame  when  there  is  rotation  of  the  subject's  head.  In  the  vertical  impact 
tests,  for  example,  when  the  angular  position  of  the  head  changes  as  a  result  of 
forward  and  downward  head  rotation,  a  portion  of  the  head  acceleration  parallel 
to  the  tower  rails  is  measured  as  -X  acceleration  by  the  rotated  accelerometer 
package.  Similarly,  if  the  head  rotates  rearward,  a  portion  of  the  head 
acceleration  parallel  to  the  tower  rails  can  be  seen  as  +X  acceleration. 

However,  when  the  angular  position  of  the  head  does  not  change  during  vertical 
impact,  forward  head  acceleration  perpendicular  to  the  tower  rails  is  also 
measured  as  +X  acceleration. 

During  forward  facing  or  -Gx  impacts,  the  angular  position  of  the  head  changes 
rapidly  as  the  head  moves  forward  and  rotates  downward.  In  this  situation,  a 
portion  of  the  head  acceleration  parallel  to  the  tracks  of  the  horizontal  impact 
test  facility  is  measured  as  -Z  head  acceleration  by  the  rotated  mouth  accelero¬ 
meter  package.  Also,  the  rapid  change  in  the  angular  position  of  the  head 
undoubtedly  produces  centripetal  acceleration,  which  is  seen  as  -X  or  -Z  axis 
head  acceleration.  In  both  +GZ  and  -Gx  tests,  the  measured  head  acceleration 
during  the  impact  is  influenced  by  the  initial  angular  position  of  the  head  and 
the  associated  initial  angular  position  of  the  mouth  accelerometer  array. 

All  electronic  test  data  were  processed  by  computer  to  determine  the  maximum  and 
the  minimum  values  of  each  data  channel  which  occurred  during  impact.  For  the 
vertical  tests,  the  maximum  value  occurring  during  the  free  fall  period  was  also 
obtained  for  all  load  data  channels.  For  the  horizontal  tests,  the  immediate 
pre-impact  average  was  calculated  for  all  load  data  channels.  This  value  was 
obtained  by  computing  the  arithmetic  average  of  the  data  for  25  msec  prior  to 
the  impact.  The  data  plots  and  the  tabulated  maxima  and  minima  for  each  test 
were  then  carefully  reviewed  for  inconsistencies  or  artifacts.  For  example,  in 
some  -Gx  tests,  subject  headstrikes  against  the  headrest  during  the  impact 
rebound  phase  of  the  experiment  may  produce  relatively  large  +X  head  accelera¬ 
tions.  These  rebound  head  accelerations  are  often  larger  than  the  peak  head 
accelerations  occurring  during  the  initial  impact  response.  To  preclude 
inappropriate  comparison  of  rebound  maxima  to  true  impact  maxima,  the  data  file 
must  be  modified  by  replacing  the  rebound  maximum  with  the  actual  impact  maximum 
for  that  test.  Such  data  file  modifications  were  required  in  this  program  (see 
Section  4C). 
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Evaluation  of  the  entire  measured  acceleration-time  histories  of  head  and  chest 
was  accomplished  by  calculating  Severity  Indices  (Gadd,  1966).  These  single 
parameters,  which  were  derived  by  a  weighted  integral  of  the  acceleration-time 
function  taken  over  the  interval  of  the  impact  (SI  =  jan(t)dt,  where  n  =  2.5), 
were  used  to  compare  the  severities  of  subject  impact  responses.  No  exposure 
limit  values,  however,  were  assigned  to  the  head  or  chest  acceleration  Severity 
Indices.  These  values  were  used  in  a  relative  sense  only  for  purposes  of  com¬ 
parison. 

The  Wilcoxon  paired-replicate  rank  test  (Wilcoxon  &  Wilcox,  1964)  was  the  sta¬ 
tistical  technique  used  to  compare  the  maxima  and  minima  of  the  electronically 
measured  and  computed  parameters  and  to  establish  the  statistical  significance 
of  observed  trends  in  the  data.  This  nonparametric  test  permits  the  formulation 
and  evaluation  of  null  hypotheses  when  evaluating  two  sets  of  paired  measure¬ 
ments.  The  test  is  based  on  the  premise  that  any  chance  differences  between  two 
sets  of  paired  measurements  derived  from  populations  which  are  not  significantly 
different  should  consist  of  approximately  equal  numbers  of  positive  and  negative 
differences.  The  Wilcoxon  technique  considers  not  only  the  direction  of  these 
arithmetic  differences,  but  also  the  size  of  the  differences  between  the  matched 
pairs.  In  the  evaluation  of  the  electronic  data,  the  95%  confidence  level  was 
chosen  as  the  level  of  statistical  significance  for  rejection  of  the  null 
hypothesis,  assuming  a  two-tailed  test.  In  order  to  quantify  observed  statisti¬ 
cally  significant  differences,  the  parameter  means  and  the  percentage  change  in 
those  parameter  means  were  calculated.  The  Wilcoxon  paired-replicate  rank  test 
is  more  thoroughly  described  in  Appendix  D. 

All  acceleration  data  were  referenced  to  a  zero  or  one  G  base  line,  established 
in  the  instrumentation  prior  to  each  test.  For  tests  conducted  on  the  HIA,  the 
test  sled  was  at  rest  prior  to  the  impact.  Therefore,  the  X  axis  and  Y  axis 
accelerations  measured  before  the  impact  were  essentially  zero  and  the  Z  axis 
acceleration  was  one  G.  For  tests  conducted  on  the  VDT,  the  test  carriage  was 
in  a  free  fall  condition  immediately  prior  to  the  impact.  In  this  condition, 
the  fixture-mounted  and  subject-mounted  accelerometers  registered  nearly  zero  in 
the  Z  axis,  with  negligible  accelerations  in  the  other  cardinal  axes. 

Therefore,  the  pre-impact  variations  in  the  measured  acceleration  data  were 
negligible  in  both  test  phases. 

However,  pre-impact  variations  in  the  measured  strap  loads  and  seat  loads 
were  less  well-behaved.  The  variations  in  these  measured  values  were  due  to 
differences  in  harness  pretension,  subject  position,  and  subject  muscle  tension, 
despite  efforts  to  assure  these  were  nearly  equivalent  for  a  given  subject  from 
test  to  test.  In  some  cases,  relatively  large  variations  in  the  pre-impact 
values  of  these  parameters  were  observed  among  comparable  test  conditions. 

To  minimize  the  influence  of  these  variations  on  data  analysis,  an  appropriate 
pre- impact  value  was  subtracted  from  the  impact  maximum  and  minimum  values. 

The  resulting  difference  was  presumably  more  reflective  of  the  change  in  the 
parameter  due  to  the  impact  than  the  measured  impact  maximum  or  impact  minimum 
value.  The  Wilcoxon  analysis  was  then  performed  on  the  resulting  differences 
between  measured  impact  and  measured  pre-impact  values.  For  the  -Gx  tests, 
immediate  pre- impact  loads  were  calculated  by  averaging  the  measured  values  over 
the  25  msec  interval  immediately  preceding  the  impact.  For  +GZ  tests,  the  free 
fall  maximum  value  was  obtained  for  the  involved  parameters  and  was  used  as  the 
pre-impact  base  line. 


Photometric  data  were  obtained  during  this  test  program  by  two  high-speed  (500 
frames/sec)  Mil  liken  cameras  mounted  on  the  test  fixtures.  During  the  horizon¬ 
tal  test  phase,  an  oblique  view  and  a  left  lateral  view  of  the  impact  were 
obtained;  during  the  vertical  test  phase,  an  oblique  view  and  a  right  lateral 
view  of  the  impact  were  obtained.  The  lateral  data  from  the  horizontal  test 
phase  were  used  to  assess  subject  impact  response,  particularly  the  tendency 
toward  subject  submarining.  This  was  achieved  by  quantifying  subject  knee 
displacement  (horizontal,  vertical,  and  resultant)  as  a  result  of  the  impact. 

The  displacement  data  were  analyzed  by  means  of  the  Wilcoxon  paired-replicate 
rank  test.  For  these  data,  the  more  liberal  90%  confidence  level  was  chosen  as 
the  level  of  statistical  significance  for  rejection  of  the  null  hypothesis, 
assuming  a  two-tailed  test,  since  the  variance  of  the  photometric  data  is 
greater  than  the  variance  of  the  electronic  data. 

The  evaluation  criteria  for  this  study  were  based  on  the  fundamental  principles 
of  biomechanical  protection.  In  general,  injuries  resulting  from  impact  accel¬ 
erations  are  due  to  differential  acceleration  of  body  segments  or  parts. and 
excessive  internal  structural  loading.  In  particular,  for  +GZ  impacts,  human 
tolerance  appears  to  be  limited  by  vertebral  compression  fracture.  Therefore, 
it  is  most  important  during  vertical  impact  tests  to  minimize  vertical  and 
resultant  seat  loads,  since  these  loads  indirectly  reflect  axial  loading  of  the 
vertebral  column.  Of  secondary  importance  during  vertical  impacts,  is  that  body 
segment  (head  and  chest)  accelerations  be  minimized.  This  is  true  because  the 
accelerative  forces  acting  on  these  body  segments  may  produce  bending  and, 
therefore,  reduce  the  load  bearing  capability  of  the  vertebral  column. 

The  mechanism  of  injury  limiting  human  tolerance  to  -Gx  impacts  is  less  clear. 
Medical  adverse  effects  to  such  impacts  include  cardiovascular,  neurologic,  and 
musculoskeletal  sequelae.  Relative  bradycardia  has  been  reported  following  15  G 
peak,  20  ft/sec  impacts  (Rhein  &  Taylor,  1962).  This  effect  was  believed  to  be 
vagal -mediated,  since  it  could  be  blocked  by  the  pre-impact  administration  of 
atropine  (Taylor  et  al.,  1962).  Intraventricular  conduction  defects  in  the  form 
of  bundle  branch  FToclcs  have  been  noted  following  forward  facing  impacts  at 
11.3  G  peak,  46.5  ft/sec  (Majewski  et  aK,  1978).  These  isolated  cardiac  con¬ 
duction  disturbances  were  transient  in  nature  and  required  no  treatment.  Signs 
of  cardiovascular  shock,  including  pallor,  diaphoresis,  hypotension,  and  tachy¬ 
cardia,  have  been  noted  following  -Gx  impacts  at  very  high  exposure  levels 
(Stapp,  1951).  To  produce  these  symptoms,  impact  accelerations  exceeding  30  G 
peak  with  onset  rates  exceeding  1000  G/sec  were  required.  Subjects  experiencing 
cardiovascular  shock  symptoms  were  temporarily  incapacitated,  but  vital  signs 
rapidly  improved  with  recumbency. 

Temporarily  incapacitating  neurologic  disturbances  have  been  observed  following 
experimental  and  operational  forward  facing  impacts.  Transient  visual  distur¬ 
bances  have  been  reported  for  -Gx  impacts  above  35  G  by  Stapp  (1951)  and  Beeding 
(1960,  1961).  Reader  (1979)  has  reported  inappropriate  crewmember  behavior 
resulting  from  presumed  concussion  during  aircraft  crashes.  Post-mortem  exa¬ 
mination  of  fatally  injured  crewmembers  failing  to  egress  such  downed  aircraft 
in  a  timely  fashion  revealed  no  evidence  of  external  trauma  to  the  head. 
Therefore,  the  head  acceleration  experienced  during  the  whole  body  impact  may 
have  alone  been  responsible  for  the  observed  behavior.  However,  in  a  laboratory 
setting,  even  the  behavioral  disturbances  observed  operationally  presumably 
would  have  been  transient  and  reversible. 


Musculoskeletal  trauma,  in  the  form  of  vertebral  compression  fractures,  have 
been  observed  after  -Gx  human  impact  experiments.  One  fracture  occurred  at  a 
peak  acceleration  below  20  6,  but  with  a  relatively  high  velocity  change  of  57 
ft/sec  (Lovelace  et  al^.,  1945).  Other  vertebral  fractures  have  been  observed  at 
peak  accelerations  in  excess  of  30  6  with  G  onset  rates  in  excess  of  1000  G/sec 
(Beeding,  1960).  Although  no  neurologic  sequelae  have  been  reported  as  a  result 
of  such  fractures,  the  injuries  are  nevertheless  considered  to  be  irreversible. 

It  may,  therefore,  be  argued  that  vertebral  compression  fracture,  by  its  nature 
an  irreversible  injury,  limits  -Gx  impact  tolerance  as  well  as  +GZ  tolerance. 
This  may  be  true  in  spite  of  the  reversible  cardiovascular  and  neurologic 
effects  observed  at  lower  peak  acceleration  levels.  Therefore,  during  forward 
facing  impact  tests,  minimizing  seat  loads,  which  are  generally  reflective  of 
vertebral  loading,  appears  to  be  warranted.  However,  probably  equal  in  impor¬ 
tance  is  the  goal  of  minimizing  body  segment  accelerations,  particularly  head 
accelerations,  in  view  of  the  transient  but  potentially  incapacitating  neurolo¬ 
gic  consequences  of  excessive  head  acceleration  during  -Gx  impacts. 

Since  it  is  not  ethically  or  morally  possible  to  conduct  laboratory  impact 
experiments  with  human  subjects  at  operational  exposure  levels  associated  with  a 
significant  probability  of  serious  injury,  the  tests  in  this  series  were  per¬ 
formed  at  exposure  levels  associated  with  an  acceptably  low  risk  of  injury.  The 
test  results,  therefore,  cannot  be  extrapolated  to  operational  impact  accelera¬ 
tion  levels  for  the  purpose  of  predicting  injury  rates.  However,  the  statisti¬ 
cally  significant  trends  established  at  the  experimental  levels  should  be  valid 
with  increasing  levels  of  impact  acceleration  approaching  the  operational  range 
until  the  nonlinearities  associated  with  injury  are  encountered. 
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SECTION  3 


TEST  RESULTS  AND  ANALYSIS 


A.  OVERVIEW 

The  electronically  measured  and  computed  data  obtained  during  both  phases  of 
this  test  program  are  presented  in  Appendix  C.  This  Appendix  contains  tabular 
data  which  suimiarize  the  results  of  each  test  conducted  at  the  experimental 
level.  The  data  presented  include  the  impact  maximum  and  impact  minimum  values 
of  each  data  channel  and  the  corresponding  times  at  which  these  values  occurred. 
In  addition,  from  the  load  data  channels,  the  pre-impact  average  loads  are  shown 
for  the  horizontal  tests  and  the  maximum  loads  occurring  during  free  fall  are 
shown  for  the  vertical  tests.  Tabular  data  suitmarizing  the  means  and  estimated 
standard  deviations  of  pertinent  response  parameters  from  each  cell  of  the 
experimental  matrices  are  also  presented  in  Appendix  C.  Horizontal  test  phase 
data  are  summarized  in  Table  C-l  and  vertical  test  phase  data  are  suimarized  in 
Table  C-2.  Finally,  a  typical  set  of  graphic  data  from  each  of  the  eight  test 
conditions  (A  through  H)  is  also  included  in  Appendix  C. 

Statistical  analyses  of  these  electronic  data  by  the  Wilcoxon  paired-replicate 
rank  test  were  accomplished.  Eight  comparisons  of  paired  response  parameters 
were  performed.  The  results  are  presented  in  Appendix  D.  The  Wilcoxon  analysis 
for  each  statistically  significant  trend  in  these  comparisons  is  also  shown. 
Accompanying  each  of  these  computations  is  the  percentage  increase  in  the 
parameter  mean  and  the  confidence  level  at  which  the  statistically  significant 
trend  may  be  reported.  Appendix  D  also  contains  tabular  data  summarizing  all 
results  of  each  Wilcoxon  comparison.  Tables  D-l  to  D-4  list  the  results  from 
the  horizontal  test  phase  and  Tables  D-5  to  D-8  show  the  results  from  the  ver¬ 
tical  test  phase.  These  tables  provide  the  means  and  estimated  standard 
deviations  of  pertinent  response  parameters  and  also  indicate  the  presence  or 
absence  of  a  statistically  significant  trend  at  the  95%  confidence  level  for  a 
two-tailed  test. 

In  each  test  phase,  control  of  the  impact  test  conditions  was  essential  to 
assure  comparability  among  the  experimental  level  exposures.  For  the  horizontal 
test  phase,  peak  accelerations  measured  at  the  sled  and  the  seat  as  well  as  sled 
velocity  change  during  the  impact  were  assessed  by  the  Wilcoxon  technique. 

These  impact  test  conditions  were  well  controlled.  Variations  which  occurred 
would  not  be  expected  to  produce  systematic  error,  as  evidenced  by  the  absence 
of  statistically  significant  trends  among  these  measured  parameters. 

For  the  vertical  test  phase,  peak  accelerations  measured  at  the  carriage  and 
the  seat  as  well  as  carriage  velocity  change  during  the  impact  were  assessed  by 
means  of  the  Wilcoxon  technique.  These  Impact  test  conditions  were  also 
reasonably  well  controlled.  However,  systematic  differences  between  test  con¬ 
ditions  did  occur  In  some  cases,  resulting  in  small  but  statistically  signifi¬ 
cant  differences  In  these  measured  parameters.  These  small  differences  in 
impact  test  conditions  presumably  did  not  appreciably  influence  other  measured 
response  parameters.  This  is  discussed  further  in  Section  3C. 
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Two  noteworthy  modifications  to  the  electronic  data  file  were  made  prior  to  data 
processing.  First,  tare  loads  of  the  seat  were  subtracted  from  the  measured  seat 
loads.  In  the  horizontal  test  phase,  the  product  of  the  seat  pan  mass  and  the 
instantaneous  X  axis  seat  acceleration  was  subtracted  from  the  Instantaneous 
horizontal  seat  load.  In  the  vertical  test  phase,  the  product  of  the  seat  pan 
mass  and  the  instantaneous  Z  axis  seat  acceleration  was  subtracted  from  the 
instantaneous  vertical  seat  load.  Problems  encountered  with  the  tare  load 
correction  in  the  horizontal  test  phase  are  described  in  Section  4C. 

Second,  the  effects  of  headstrikes  and  other  artifacts  were  considered.  In 
several  -Gx  experiments,  the  subject's  head  contacted  the  headrest  during  the 
rebound  phase  of  the  impact.  Such  head-headrest  contact,  confirmed  by  review  of 
the  photometric  data,  resulted  In  relatively  large  +X  head  accelerations.  In 
these  cases,  the  data  file  was  corrected  to  assure  that  the  maximum  X  axis  head 
acceleration  recorded  in  the  data  file  was  that  which  actually  occurred  during 
the  initial  phase  of  the  impact,  rather  than  during  the  rebound  phase. 

Photometric  data  were  obtained  during  both  phases  of  this  study.  The  photo¬ 
metric  data  acquisition  system  is  described  in  Appendix  8.  The  techniques  used 
in  photometric  data  processing  and  analysis  are  described  In  Appendix  E. 

Analysis  was  limited  to  data  from  the  horizontal  test  phase  and  was  based  on  the 
assumption  that  subject  motion  would  be  primarily  in  the  X-Z  plane.  Pertinent 
subject  displacement  data  were  obtained  by  tracking  subject-mounted  fiducials 
at  the  head  and  knee.  The  knee  displacement  data  were  used  to  assess  subject 
submarining  during  -Gx  tests.  The  available  displacement  data  from  the  horizon¬ 
tal  test  phase  are  summarized  in  Table  E-l  in  Appendix  E.  This  Appendix  also 
contains  the  Wilcoxon  analyses  of  these  data. 

The  test  results  derived  from  this  study  are  sunmarized  in  the  next  four  subsec¬ 
tions  of  this  report.  Electronic  and  photometric  data  from  the  horizontal  test 
phase  are  sunmarized  in  Section  3B.  Electronically  measured  and  computed  data 
from  the  vertical  test  phase  are  sunmarized  in  Section  3C.  The  medical  data 
from  both  phases  of  the  experiment  are  presented  in  Section  3D.  Finally,  the 
subjective  data,  obtained  from  post-test  questionnaires  administered  to  the  par¬ 
ticipants,  are  presented  in  Section  3E. 


B.  HORIZONTAL  TEST  PHASE:  ELECTRONIC  AND  PHOTOMETRIC  DATA 

The  electronic  and  photometric  data  obtained  during  the  horizontal  test  phase 
are  summarized  in  Tables  3  through  6.  In  the  first  two  tables,  the  effects  of 
adding  a  negative  G  strap  are  presented  and,  in  the  last  two  tables,  the 
restraint  harness  effects  are  presented.  These  results  of  Wilcoxon  comparisons 
are  expressed  in  terms  of  percentage  and  magnitude  increases  in  parameter  means. 

The  key  response  parameters  evaluated  during  this  test  phase  were  knee  displace¬ 
ment,  head  displacement  and  acceleration,  and  vertical  seat  load.  Knee  displace¬ 
ment  during  impact  was  quantified  to  permit  assessment  of  torso  submarining 
beneath  the  lap  belt  and  of  negative  G  strap  efficacy  in  preventing  this  motion. 
Larger  knee  displacements  were  presumed  to  be  associated  with  a  greater  likeli¬ 
hood  of  submarining. 


As  previously  noted  in  Section  2C,  body  segment  displacements  and  accelerations, 
particularly  head  displacement  and  acceleration,  must  be  minimized  during 
-Gx  impacts  in  order  to  reduce  the  risk  of  neurologic  sequelae.  To  minimize  the 
risk  of  vertebral  fracture,  vertical  seat  load  must  also  be  minimized. 
Accordingly,  statistically  significant  increases  in  head  displacement,  head 
acceleration,  or  vertical  seat  load  were  presumed  to  be  associated  with  a  more 
severe  impact  response.  Furthermore,  trends  among  these  response  parameters 
were  presumed  to  be  equal  in  importance. 

In  comparison  A-B,  the  effects  of  incorporating  a  negative  G  strap  into  the  PCU- 
15/P  torso  harness  and  lap  belt  arrangement  were  assessed.  The  electronic  data 
from  that  comparison  are  sunmarized  in  Table  3  and  the  photometric  data  are  sum¬ 
marized  in  Table  4. 

Vertical  and  resultant  head  displacements  were  higher  by  20%  (1.12  inches) 
and  by  12%  (1.12  inches),  respectively,  without  the  negative  G  strap.  However, 
these  findings  were  not  accompanied  by  similar  increases  in  component  or 
resultant  head  accelerations. 

The  total  shoulder  strap  load  averaged  5%  (33  lb)  higher  in  the  PCU-15/P  torso 
harness  configuration  when  the  negative  G  strap  was  added  to  the  lap  belt.  This 
finding,  presumably  due  to  the  X  component  of  the  shoulder  strap  load,  suggests 
an  increased  forward  inertial  response  of  the  upper  torso  with  the  added  nega¬ 
tive  G  strap.  There  was  a  corresponding  tendency  for  larger  -X  axis  chest 
acceleration  with  the  negative  G  strap,  but  the  trend  was  not  statistically 
significant. 

An  8%  (150  lb)  increase  in  the  total  lap  belt  load  was  noted  with  the  added 
negative  G  strap  (Table  3).  Also,  the  knee  displacement  data  (Table  4) 
revealed  relatively  small  but  statistically  significant  increases  in  vertical 
and  resultant  knee  displacements  without  the  negative  G  strap.  The  negative  G 
strap  and  lap  belt  combination,  therefore,  apparently  provides  more  effective 
pelvic  restraint  than  the  lap  belt  alone. 


Thus,  incorporation  of  the  negative  G  strap  into  the  PCU-15/P  torso  harness  and 
lap  belt  configuraton  effectively  reduces  the  tendency  toward  submarining  during 
-Gx  impacts.  More  effective  pelvic  restraint  is  provided,  but  lap  belt  and 
shoulder  strap  loads  are  somewhat  increased.  However,  negative  G  strap  inclu¬ 
sion  does  not  significantly  alter  the  critical  response  parameters,  such  as  body 
segment  accelerations,  associated  Severity  Indices,  or  vertical  seat  load. 
Therefore,  negative  G  strap  incorporation  into  the  PCU-15/P  torso  harness  and 
lap  belt  improves  -Gx  impact  protection. 
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In  comparison  C-D,  the  effects  of  incorporating  a  negative  G  strap  into  the  con¬ 
ventional  double  shoulder  strap  and  lap  belt  harness  configuration  were  considered. 
The  electronic  data  from  this  Wilcoxon  comparison  are  sunmarized  in  Table  3  and 
the  photometric  data  are  sunmarized  in  Table  4. 
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The  mean  total  shoulder  strap  load  was  17%  (107  lb)  higher  during  impact  in  the 
configuration  with  the  added  negative  G  strap.  The  increase  in  total  shoulder 
strap  load  with  the  negative  G  strap  seen  in  this  comparison  was  greater  in 
magnitude  than  the  similar  increase  seen  in  the  A-B  comparison.  This  finding  is 
consistent  with  the  interpretation  that  the  negative  G  strap,  when  incorporated 
into  the  conventional  harness,  provides  a  direct  pathway  from  the  shoulder 
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straps  to  the  seat  (Figure  6).  This  conclusion  is  also  supported  by  the 
findings  that  -X  chest  acceleration  was  25%  (3.2  G)  higher  and  the  chest 
Severity  Index  was  15%  higher  during  impact  in  the  configuration  with  the 
added  negative  G  strap. 

In  comparison  C-D,  there  was  a  10%  (170  lb)  increase  in  total  lap  belt  load 
in  the  configuration  with  the  negative  G  strap.  This  may  be  indicative  of  an 
increased  forward  inertial  response  of  the  pelvis  against  the  lap  belt, 
suggesting  that  the  lap  belt  is  providing  better  pelvic  restraint  with  the 
added  negative  G  strap.  On  the  other  hand,  the  negative  G  strap  tension  may 
simply  influence  lap  belt  tension  directly. 

The  most  disturbing  finding  is  that  the  vertical  seat  load  was  14%  (190  lb) 
higher  with  the  added  negative  G  strap.  This  could  indicate  that  greater  ver¬ 
tebral  loading  may  be  anticipated  when  subjects  are  exposed  to  -Gx  impacts  in  a 
conventional  harness  with  an  added  negative  G  strap.  If  so,  subjects  would 
approach  the  threshold  for  vertebral  fracture  at  lower  impact  levels  with  the 
crotch  strap  than  without  it.  Alternatively,  this  finding  may  simply  represent 
the  negative  G  strap  tension  reacted  through  the  pelvis  by  the  seat.  The  rela¬ 
tive  contributions  of  these  two  potential  effects  is  impossible  to  determine 
from  these  data,  but  the  second  effect  is  believed  to  predominate,  purely  from 
geometrical  considerations.  Fortunately,  the  latter  effect  is  also  the  most 
benign. 

Analysis  of  the  photometric  data  revealed  statistically  significant  increases  in 
horizontal,  vertical,  and  resultant  knee  displacements  without  the  negative  G 
strap.  For  example,  the  resultant  knee  displacement  was  20%  (1.58  inches) 
greater  without  the  negative  G  strap.  Since  the  magnitude  of  the  increase  in 
resultant  knee  displacement  without  the  negative  G  strap  was  greater  in  the  C-D 
comparison  than  in  the  A-B  comparison,  the  negative  G  strap  is  apparently  more 
effective  in  decreasing  the  tendency  toward  submarining  in  the  conventional 
harness  than  in  the  PCU-15/P  torso  harness  and  lap  belt  configuration.  This 
difference  in  the  efficacy  of  the  negative  G  strap  in  the  two  restraint  systems 
is  attributable  to  the  fundamental  differences  in  restraint  geometry. 

In  the  C-D  comparison,  there  were  no  statistically  significant  differences  in 
head  displacement  or  acceleration. 

In  summary,  incorporation  of  a  negative  G  strap  into  a  conventional  double 
shoulder  strap  and  lap  belt  configuration  produces  a  clearly  beneficial  effect 
on  -Gx  impact  response.  The  direct  load  pathway  from  the  shoulder  straps  to  the 
seat  via  the  negative  G  strap  provides  very  effective  pelvic  restraint,  more  so 
than  in  the  PCU-15/P  harness.  As  evidenced  by  the  effective  limitation  of  knee 
displacement,  the  negative  G  strap  fulfills  its  intended  purpose  of  decreasing 
the  tendency  toward  submarining  during  forward  facing  impact.  The  risk  of 
internal  injury  associated  with  submarining  is,  therefore,  limited. 

However,  the  presence  of  the  negative  G  strap  in  the  conventional  configuration 
also  produces  increased  vertical  seat  load.  This  finding  probably  is  the  result 
of  negative  G  strap  and  lap  belt  tensions  being  reacted  through  the  pelvis  by 
the  seat.  Alternatively,  the  increased  seat  load  may  be  due  to  an  increased 
downward  inertial  response  of  the  torso  and  thus  be  indicative  of  increased  ver¬ 
tebral  column  loading.  In  either  case,  any  increased  injury  potential  asso¬ 
ciated  with  this  finding  is  most  likely  outweighed  by  the  decreased  injury 
potential  associated  with  limiting  the  tendency  toward  submarining. 


TABLE  3 


HORIZONTAL  TEST  PHASE  ELECTRONIC  DATA: 
NEGATIVE  G  STRAP  EFFECTS 

(Wilcoxon  Comparisons  A-B  and  C-D) 

Negative  G  Strap  Absent  in  Test  Conditions  A  and  C 
Negative  G  Strap  Present  in  Test  Conditions  B  and  D 


INCREASE  IN  PARAMETER  MEAN 


NEGATIVE  G  STRAP 


MEASURED  PARAMETER 

PCU-15/P 

A-B 

CONVENTIONAL 

C-D 

CONDITION  FOR  WHICH 
THE  PARAMETER  MEAN 
WAS  LARGER 

SLED  ACCELERATION 

(N  =  14) 

NSD 

(N  =  18) 

NSD 

SLED  VELOCITY 

NSD 

NSD 

SEAT  ACCELERATION 

NSD 

NSD 

CHEST  ACCELERATION 

-X  Axis 

NSD 

25%  (3.2  G) 

Present 

+Z  Axis 

NSD 

NSD 

Resultant 

NSD 

NSD 

CHEST  SEVERITY  INDEX 

NSD 

15%  (5.5) 

Present 

HEAD  ACCELERATION 

-X  Axis 

NSD 

NSD 

-Z  Axis 

NSD 

NSD 

Resultant 

NSD 

NSD 

HEAD  SEVERITY  INDEX 

NSD 

NSD 

STRAP  LOADS 

Total  Shoulder  Straps 

5%  (33  lb) 

17%  (107  lb) 

Present 

Total  Lap  Belt 

8%  (150  lb) 

10%  (170  lb) 

Present 

VERTICAL  SEAT  LOAD 

NSD 

14%  (190  lb) 

Present 

This  table  summarizes  the  pertinent  results  of  two  comparisons  by  means  of  the 
Wilcoxon  paired-replicate  rank  test.  Statistically  significant  differences  in 
response  parameters  are  Indicated  in  terms  of  percentage  and  magnitude  increases  in 
parameter  means  (2*  <0.05).  NSD  indicates  no  statistically  significant  difference 
in  the  response  parameter  in  that  comparison. 


TABLE  4 


HORIZONTAL  TEST  PHASE  PHOTOMETRIC  DATA: 
NEGATIVE  G  STRAP  EFFECTS 

(Wilcoxon  Comparisons  A-B  and  C-D) 

Negative  G  Strap  Absent  in  Test  Conditions  A  and  C 
Negative  G  Strap  Present  in  Test  Conditions  B  and  D 


MEASURED  PARAMETER 

INCREASE  IN 

PCU-15/P 

A-B 

PARAMETER  MEAN 

CONVENTIONAL 

C  -  D 

NEGATIVE  G  STRAP 
CONDITION  FOR  WHICH 
THE  PARAMETER  MEAN 
WAS  LARGER 

(N  =  10) 

(N  =  15) 

HEAD  DISPLACEMENT 

Horizontal 

NSD 

NSD 

Vertical 

20%  (1.12  in) 

NSD 

Absent 

Resultant 

12%  (1.12  in) 

NSD 

Absent 

KNEE  DISPLACEMENT 

Horizontal 

NSD 

16%  (0.61  in) 

Absent 

Vertical 

10%  (0.89  in) 

21%  (1.65  in) 

Absent 

Resultant 

11%  (0.94  in) 

20%  (1.58  in) 

Absent 

This  table  summarizes  the  pertinent  results  of  two  comparisons  by  means  of  the 
Wilcoxon  paired-replicate  rank  test.  Statistically  significant  differences  in 
response  parameters  are  indicated  in  terms  of  percentage  and  magnitude  increases  in 
parameter  means  (2'-><  ^0.05).  NSD  indicates  no  statistically  significant  difference 
in  the  response  parameter  in  that  comparison. 
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In  comparison  A-C,  the  effects  of  differences  between  the  two  restraint  con¬ 
figurations  were  examined.  In  these  test  conditions,  neither  harness  incor¬ 
porated  a  negative  6  strap.  Comparison  results  of  the  electronically  measured 
and  computed  data  by  means  of  the  Wilcoxon  technique  are  presented  in  Table  5. 
Comparison  results  of  the  photometric  data  are  presented  in  Table  6. 

In  this  comparison,  the  component  and  resultant  head  displacements  were 
higher,  on  the  average,  by  12%  in  the  PCU-15/P  torso  and  lap  belt  configuration 
compared  to  the  conventional  harness.  Also,  there  was  an  associated  increase  by 
26%  (2.4  6)  in  -Z  head  acceleration  in  the  PCU-15/P  harness.  These  findings 
indicate  less  adequate  impact  protection  in  the  PCU-15/P  harness  than  in  the 
conventional  harness. 

There  were  statistically  significant  increases  in  component  and  resultant  chest 
accelerations  as  well  as  in  chest  Severity  Index  in  the  PCU-15/P  harness.  In 
terms  of  percentage,  these  increases  were  relatively  large.  Notably,  there  was 
a  75%  (28.4)  increase  in  chest  Severity  Index  when  the  PCU-15/P  harness  was 
used.  These  findings  are  consistent  with  the  photometric  data  which  revealed 
considerable  displacement  of  the  upper  torso  away  from  the  seat  back  during 
-Gx  impacts  of  subjects  wearing  the  PCU-15/P  harness.  The  upper  torso,  there¬ 
fore,  is  not  well  supported  during  fore-aft  impacts  in  this  restraint  system, 
relative  to  the  conventional  harness. 

Statistically  significant  increases  in  the  total  shoulder  strap  load  and  total 
lap  belt  load  were  also  seen  in  the  PCU-15/P  harness.  These  increases  were  11% 
(66  lb)  and  14%  (230  lb),  respectively.  These  findings  are  indicative  of 
increased  forward  inertial  response  of  the  upper  torso  and  pelvis,  respectively. 

The  15%  increase  in  horizontal  knee  displacement  in  the  PCU-15/P  harness 
suggests  a  greater  tendency  toward  submarining  in  that  harness  than  in  the  con¬ 
ventional  harness.  Also,  the  vertical  seat  load  was  increased  by  10%  (140  lb) 
in  the  PCU-15/P  harness  compared  to  the  conventional  harness.  This  finding 
indicates  greater  axial  vertebral  loading  and  thus  less  adequate  impact 
protection  in  the  PCU-15/P  harness. 

In  summary,  these  findings  indicate  that  the  PCU-15/P  torso  harness  and  lap  belt 
configuration  is  inferior  to  the  conventional  double  shoulder  strap  and  lap  belt 
configuration  in  terms  of  providing  -Gx  impact  protection.  This  result  is  not 
unexpected,  since  the  PCU-15/P  system  was  designed  to  function  as  a  parachute 
harness  and  then,  by  attachement  of  shoulder  straps  and  an  independent  lap  belt, 
was  given  an  additional  role  as  a  restraint  system. 

Finally,  in  comparison  B-D,  the  effects  of  differences  between  the  two  restraint 
configurations  with  added  negative  G  straps  were  examined.  Wilcoxon  comparison 
results  of  the  electronic  data  are  presented  in  Table  5  and  results  of  the  pho¬ 
tometric  data  are  presented  in  Table  6. 

Component  and  resultant  chest  accelerations  and  chest  Severity  Index  were 
higher  in  the  PCU-15/P  harness  with  an  added  negative  G  strap  compared  to  the 
conventional  harness  with  an  added  negative  G  strap.  For  example,  there  was  a 
51%  (8.9  G)  increase  in  resultant  chest  acceleration  in  the  PCU-15/P  con¬ 
figuration  compared  to  the  conventional  configuration.  These  findings,  of 
course,  indicate  less  adequate  impact  protection  in  the  PCU-15/P  torso  harness 
and  lap  belt  with  an  added  negative  G  strap  than  in  the  other  configuration. 


Total  lap  belt  load  was  increased  by  12%  (220  lb)  in  the  PCU-15/P  configuration 
compared  to  the  conventional  configuration.  In  addition,  horizontal,  vertical, 
and  resultant  knee  displacements  were  increased  in  the  PCU-15/P  configuration, 
suggesting  a  greater  tendency  toward  submarining  of  the  torso  beneath  the  lap 
belt.  As  expected,  the  negative  G  strap  in  the  conventional  harness  carried 
significantly  greater  load  (by  56%  or  76  lb)  than  the  negative  G  strap  in  the 
PCU-15/P  configuration.  This  is  due  to  the  direct  load  pathway  from  the 
shoulder  straps  to  the  seat  created  by  the  negative  G  strap  in  the  conventional 
harness . 

Notably,  there  were  no  statistically  significant  trends  among  the  head  displace¬ 
ment,  head  acceleration,  and  vertical  seat  load  data.  Despite  the  absence  of 
trends  among  these  critical  response  parameters,  it  may  be  concluded  that  the 
PCU-15/P  configuration  with  an  added  negative  G  strap  provides  less  adequate 
-Gx  impact  protection  than  the  conventional  configuration  with  an  added  negative 
G  strap.  This  conclusion  is  based  on  the  statistically  significant  trends  in 
the  chest  acceleration  and  knee  displacement  data. 

In  sumary,  then,  the  results  of  comparisons  B-D  and  A-C  taken  together  indicate 
that  the  conventional  harness  provides  superior  -Gx  impact  protection  compared 
to  the  PCU-15/P  configuration,  regardless  of  the  negative  G  strap.  However, 
more  careful  study  of  the  differences  between  the  results  of  comparisons  B-D  and 
A-C  provides  additional  insights  into  the  effects  of  negative  G  strap  incor¬ 
poration.  One  would  expect  to  observe  similar  statistically  significant  trends 
in  comparisons  B-D  and  A-C,  if  the  restraint-occupant  dynamics  of  both  con¬ 
figurations  were  influenced  by  negative  G  strap  incorporation  in  essentially  the 
same  manner.  However,  this  is  not  the  case. 

Although  similar  trends  are  observed  among  the  chest  acceleration  data  in  both 
comparisons,  different  trends  are  observed  among  other  response  parameters.  For 
example,  the  statistically  significant  trend  in  -Z  head  acceleration  in  com¬ 
parison  A-C  is  absent  in  comparison  B-D.  The  same  is  also  true  for  trends  in 
component  and  resultant  head  displacements  and  vertical  seat  load.  In  each 
case,  the  statistically  significant  trend  in  the  A-C  comparison,  indicating  less 
adequate  impact  protection  in  the  PCU-15/P  configuration,  was  absent  in  the  B-D 
comparison.  Therefore,  the  differences  in  these  critical  response  parameters 
between  the  PCU-15/P  and  conventional  configurations  are  apparently  minimized  by 
negative  G  strap  incorporation.  In  other  words,  the  -Gx  impact  protection  per¬ 
formance  of  the  two  configurations  are  more  nearly  equivalent  with  negative  G 
straps  than  without  negative  G  straps.  Stated  still  another  way,  the  overall 
effect  of  negative  G  strap  incorporation  is  a  greater  improvement  in  -Gx  impact 
protection  for  the  PCU-15/P  system  than  for  the  conventional  configuration. 

These  conclusions  are  also  supported  by  the  results  of  comparisons  A-B  and  C-D. 

The  absence  of  a  statistically  significant  difference  in  vertical  seat  load  in 
comparison  B-D  is  noteworthy.  Although  the  addition  of  a  negative  G  strap  to 
the  conventional  harness  increases  the  vertical  seat  load  (comparison  C-D),  the 
vertical  loads  were  not,  on  the  average,  greater  than  the  vertical  loads 
measured  in  the  PCU-15/P  harness  configuration  with  a  negative  G  strap.  This 
may  be  further  substantiation  of  the  direct  role  of  the  negative  G  strap  in 
loading  the  seat  through  the  pelvis  rather  than  through  increased  axial  ver¬ 
tebral  loads. 
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TABLE  5 


HORIZONTAL  TEST  PHASE  ELECTRONIC  DATA: 

RESTRAINT  HARNESS  EFFECTS 

(Wilcoxon  Comparisons  A-C  and  B-D) 

PCU-15/P  Harness  was  used  in  Test  Conditions  A  and  B 
Conventional  Harness  was  used  in  Test  Conditions  C  and  D 


INCREASE  IN  PARAMETER  MEAN  HARNESS 

FOR  WHICH 

W/0  CROTCH  STRAP  W/  CROTCH  STRAP  THE  PARAMETER  MEAN 


MEASURED  PARAMETER 

A  -  C 

B-D 

WAS  LARGER 

SLED  ACCELERATION 

(N  =  15) 

NSD 

(N  =  14) 

NSD 

SLED  VELOCITY 

NSD 

NSD 

SEAT  ACCELERATION 

NSD 

NSD 

CHEST  ACCELERATION 

-X  Axis 

6056  (7.8  G) 

3956  (6.3  G) 

PCU-15/P 

+Z  Axis 

3256  (3.7  G) 

66%  (6.5  G) 

PCU-15/P 

Resultant 

5156  (8.3  G) 

51%  (8.9  G) 

PCU-15/P 

CHEST  SEVERITY  INDEX 

7556  (28.4) 

67%  (29.1) 

PCU-15/P 

HEAD  ACCELERATION 

-X  Axis 

NSD 

NSD 

-Z  Axis 

2656  (2.4  G) 

NSD 

PCU-15/P 

Resultant 

NSD 

NSD 

HEAD  SEVERITY  INDEX 

NSD 

NSD 

STRAP  LOADS 

Total  Shoulder  Strap 

1156  (66  lb) 

NSD 

PCU-15/P 

Total  Lap  Belt 

1456  (230  lb) 

12%  (220  lb) 

PCU-15/P 

Negative  G  Strap 

♦ 

56%  (76  lb) 

Conventional 

VERTICAL  SEAT  LOAD 

1056  (140  lb) 

NSD 

PCU-15/P 

This  table  summarizes  the  pertinent  results  of  two  comparisons  by  means  of  the 
Wilcoxon  paired-replicate  rank  test.  Statistically  significant  differences  in 
response  parameters  are  indicated  in  terms  of  percentage  and  magnitude  increases  in 
parameter  means  (2<*  <0.05).  NSD  indicates  no  statistically  significant  difference 
in  the  response  parameter  in  that  comparison.  A  dagger  (♦)  indicates  that  no  com¬ 
parison  was  possible,  since  the  negative  G  strap  was  present  in  neither  condition. 


HORIZONTAL  TEST  PHASE  PHOTOMETRIC  DATA: 
RESTRAINT  HARNESS  EFFECTS 


(Wilcoxon  Comparisons  A-C  and  B-D) 

PCU-15/P  Harness  was  used  in  Test  Conditions  A  and  B 
Conventional  Harness  was  used  in  Test  Conditions  C  and  D 


MEASURED  PARAMETER 


INCREASE  IN  PARAMETER  MEAN 

W/0  CROTCH  STRAP  W/  CROTCH  STRAP 
A-C  B-D 


HARNESS 
FOR  WHICH 

THE  PARAMETER  MEAN 
WAS  LARGER 


(N  =  11) 

(N  =  12) 

HEAD  DISPLACEMENT 

Horizontal 

12*  (0.90  in) 

NSD 

PCU-15/P 

Vertical 

12*  (0.76  in) 

NSD 

PCU-15/P 

Resultant 

11*  (1.07  in) 

NSD 

PCU-15/P 

KNEE  DISPLACEMENT 

Horizontal 

15*  (0.66  in) 

25*  (0.97  in) 

PCU-15/? 

Vertical 

NSD 

13*  (1.07  in) 

PCU-15/P 

Resultant 

NSD 

13*  (1.09  in) 

PCU-15/P 

This  table  summarizes  the  pertinent  results  of  two  comparisons  by  means  of  the 
Wilcoxon  paired-replicate  rank  test.  Statistically  significant  differences  in 
response  parameters  are  indicated  in  terms  of  percentage  and  magnitude  increases  in 
parameter  means  (2®<  <0.05).  NSD  indicates  no  statistically  significant  difference 
in  the  response  parameter  in  that  comparison. 


C.  VERTICAL  TEST  PHASE:  ELECTRONIC  DATA 


The  electronic  data  obtained  during  the  vertical  test  phase  are  summarized  in 
Tables  7  and  8.  In  Table  7,  the  effects  of  adding  a  negative  G  strap  are  pre¬ 
sented  (comparisons  E-F  and  G-H)  and,  in  Table  8,  the  restraint  configuration 
effects  are  presented  (comparisons  E-G  and  F-H).  These  Wilcoxon  comparison 
results  are  expressed  in  terms  of  percentage  and  magnitude  increases  in  para¬ 
meter  means . 

During  this  test  phase,  variations  in  the  impact  test  conditions,  presumably  due 
to  variations  in  friction  between  the  vertical  rails  and  the  test  carriage,  were 
noted.  In  each  of  the  four  comparisons,  variations  in  carriage  acceleration, 
carriage  velocity  change,  or  seat  acceleration  were  systematic  enough  to  be  seen 
as  statistically  significant  trends.  However,  the  statistically  significant 
changes  among  these  parameters  were  relatively  small  in  terms  of  both  magnitude 
and  percentage.  All  increases  were  less  than  0.6%.  These  relatively  small,  but 
systematic,  variations  in  impact  test  conditions  apparently  had  no  practical 
influence  on  the  experimental  outcome. 

Preceding  each  vertical  impact,  the  subject  experienced  an  approximate  +0.1 
Gz  environment  during  carriage  free  fall.  This  experimental  environment  was 
somewhat  similar  to  the  environment  experienced  operationally  during  aircraft 
maneuvers.  The  occupant-seat  coupling  during  carriage  free  fall  was  evaluated 
by  analysis  of  maximum  strap  and  seat  loads  measured  during  this  phase  of  the 
experiment. 

As  noted  in  Section  2C,  the  most  critical  response  parameters  during  the  ver¬ 
tical  test  phase  were  the  vertical  and  resultant  seat  loads  which  occurred 
during  the  impact.  Seat  loads  occurring  during  carriage  free  fall  were  also 
important.  Of  secondary  importance  were  the  measured  body  segment  (head  and 
chest)  accelerations  and  the  associated  Severity  Indices.  Higher  seat  loads 
or  body  segment  accelerations  during  impact  were  presumed  to  be  indicative  of 
greater  vertebral  loading  and,  therefore,  less  adequate  impact  protection. 

Larger  vertical  or  resultant  seat  loads  during  free  fall  were  presumably  due  to 
better  occupant -seat  coupling. 

In  comparison  E-F,  the  effects  of  incorporating  a  negative  G  strap  into  the 
PCU-15/P  torso  harness  and  lap  belt  configuration  were  assessed  (Table  7).  The 
0.3%  (0.1  ft/sec)  higher  carriage  velocity  change  with  the  negative  G  strap  was 
presumed  to  be  of  no  consequence,  since  the  majority  of  statistically  signif¬ 
icant  increases  were  in  the  condition  without  the  negative  G  strap. 

There  was  a  small  but  statistically  significant  increase  in  head  Severity  Index 
without  the  negative  G  strap.  The  direction  of  this  trend  would  appear  to  be 
appropriate,  but  it  is  difficult  to  explain  in  the  absence  of  similar  statisti¬ 
cally  significant  trends  in  component  or  resultant  head  accelerations. 
Theoretically,  the  head  Severity  Index  finding  could  be  related  to  a  relatively 
larger  number  of  headstrikes  in  test  condition  E  than  in  test  condition  F.  The 
practical  significance  of  this  finding  is  problematic. 

There  were  no  statisti cal ly  significant  differences  in  component  or  resultant 
chest  accelerations  or  chest  Severity  Index  in  this  comparison.  Total  shoulder 
strap  load  during  free  fall  and  total  shoulder  strap  load  during  impact  were 
also  not  significantly  different  in  the  two  test  conditions.  These  findings 


TABLE  7 


VERTICAL  TEST  PHASE  ELECTRONIC  DATA: 

NEGATIVE  G  STRAP  EFFECTS 

(Wilcoxon  Comparisons  E-F  and  G-H) 

Negative  G  Strap  Absent  in  Test  Conditions  E  and  G 
Negative  G  Strap  Present  in  Test  Conditions  F  and  H 


INCREASE  IN  PARAMETER  MEAN 


MEASURED  PARAMETER 


PCU-15/P 
E  -  F 


CONVENTIONAL 

G-H 


NEGATIVE  G  STRAP 
CONDITION  FOR  WHICH 
THE  PARAMETER  MEAN 
WAS  LARGER 


CARRIAGE  ACCELERATION 

NSD 

0.3%  (0.03  G) 

Present 

CARRIAGE  VELOCITY 

0.4%  (0.1  ft/sec) 

NSD 

Present 

SEAT  ACCELERATION 

NSD 

NSD 

CHEST  ACCELERATION 

-X  Axis 

NSD 

NSD 

+X  Axis 

NSD 

NSD 

+Z  Axis 

NSD 

9%  (1.4  G) 

Absent 

Resultant 

NSD 

9%  1.3  G) 

Absent 

CHEST  SEVERITY  INDEX 

NSD 

10%  2.8) 

Absent 

HEAD  ACCELERATION 

-X  Axis 

NSD 

NSD 

+X  Axis 

NSD 

NSD 

+Z  Axis 

NSD 

6%  (0.7  G) 

Absent 

Resultant 

NSD 

7%  (0.8  G) 

Absent 

HEAD  SEVERITY  INDEX 

5%  (1.1) 

14%  (2.8) 

Absent 

FREE  FALL  STRAP  LOADS 

Total  Shoulder 

NSD 

44%  (41  lb) 

Present 

Total  Lap  Belt 

10%  (24  lb) 

NSD 

Absent 

IMPACT  STRAP  LOADS 

Total  Shoulder 

NSD 

95%  (36  lb) 

Absent 

Total  Lap  Belt 

25%  (22  lb) 

48%  (41  lb) 

Absent 

FREE  FALL  SEAT  LOADS 

+Z  axis 

14%  (33  lb) 

51%  (137  lb) 

Present 

Resultant 

13%  (33  lb) 

50%  (136  lb) 

Present 

IMPACT  SEAT  LOADS 

-X  axis 

NSD 

NSD 

+Z  Axis 

3%  (60  lb) 

6%  (110  lb) 

Absent 

Resultant 

3%  (60  lb) 

6%  (110  lb) 

Absent 

This  table  summarizes  the  pertinent  results  of  two  comparisons  by  means  of  the 
Wilcoxon  paired-replicate  rank  test.  Statistically  significant  differences  in 
response  parameters  are  indicated  in  terms  of  percentage  and  magnitude  increases  in 
parameter  means  (2®<  <^0.05).  NSD  indicates  no  statistically  significant  difference 
in  the  response  parameter  in  that  comparison. 
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are  not  surprising,  because  the  negative  G  strap  does  not  attach  directly  to  the 
PCU-15/P  torso  harness,  but  rather  to  the  independent  lap  belt.  As  expected, 
there  were  small  but  statistically  significant  increases  in  total  lap  belt  load 
during  free  fall  and  impact  without  the  negative  G  strap.  When  not  tethered  to 
the  front  of  the  seat  by  a  negative  G  strap,  the  lap  belt  must  carry  more  load 
during  both  free  fall  and  impact.  In  general,  the  lap  belt  is  loaded  during  the 
free  fall  phase,  unloaded  during  early  impact,  and  then  loaded  again  later 
during  the  impact. 

The  crucial  findings  in  this  comparison  were  the  changes  observed  in  vertical 
and  resultant  seat  loads  during  free  fall  and  impact.  During  the  free  fall 
phase,  there  were  approximate  14%  (33  lb)  increases  in  vertical  and  resultant 
seat  loads  with  the  negative  G  strap  present.  This  is  indicative  of  improved 
occupant-seat  coupling  with  the  negative  G  strap  added  to  the  PCU-15/P  torso 
harness  and  lap  belt  configuration.  During  the  impact,  vertical  and  resultant 
seat  loads  were  3%  (60  lb)  higher  without  the  negative  G  strap,  the  result  of 
less  effective  occupant-seat  coupling  during  free  fall  (dead  space  effect). 

These  findings  are  indicative  of  increased  vertebral  column  loading  and,  there¬ 
fore,  less  adequate  impact  protection  without  a  negative  G  strap  incorporated 
into  the  PCU-15/P  configuration.  Thus,  adding  a  negative  G  strap  to  the 
PCU-15/P  torso  harness  and  lap  belt  clearly  improves  the  vertical  impact 
protection  performance  of  the  restraint  system  by  improving  occupant-seat 
coupling  during  free  fall  and  reducing  vertebral  column  loading  during 
vertical  impact. 

In  comparison  G-H,  the  effects  of  incorporating  a  negative  G  strap  into  the  con¬ 
ventional  double  strap  and  lap  belt  configuration  were  considered  (Table  7). 
There  was  a  0.3%  (0.03  G)  increase  in  carriage  acceleration  with  the  negative  G 
strap.  This  finding  was  believed  to  be  of  no  practical  significance,  since  the 
statistically  significant  increases  in  other  response  parameters  were  in  the 
condition  without  the  negative  G  strap. 

Statistically  significant  increases  in  +Z  axis  and  resultant  head  acceleration 
and  in  head  Severity  Index  were  observed  without  the  negative  G  strap. 

Similarly,  statistically  significant  increases  in  +Z  axis  and  resultant  chest 
acceleration  as  well  as  in  chest  Severity  Index  were  observed  without  the  nega¬ 
tive  G  strap.  All  acceleration  findings  suggest  greater  vertebral  column 
bending  and,  therefore,  less  adequate  impact  protection  without  the  negative  G 
strap. 

The  total  shoulder  strap  load  was  44%  (41  lb)  larger  during  the  free  fall  phase 
with  the  negative  G  strap  present.  On  the  other  hand,  the  total  shoulder  strap 
load  during  impact  was  95%  (36  lb)  larger  without  the  crotch  strap.  The  nega¬ 
tive  G  strap,  when  added  to  the  conventional  harness,  provides  a  direct  load 
pathway  from  the  shoulder  straps  to  the  seat.  This  produces  a  significant 
improvement  in  shoulder  strap  performance  and  probably  results  in  the  lower  body 
segment  accelerations  also  observed  in  that  test  condition. 

There  was  no  statistically  significant  difference  in  total  lap  belt  load  during 
the  free  fall  phase.  However,  the  total  lap  belt  load  during  the  impact  phase 
was  48%  (41  lb)  higher  without  the  negative  G  strap.  The  lap  belt,  obviously, 
must  carry  more  load  during  the  impact  in  the  absence  of  a  negative  G  strap. 
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Most  significantly,  the  vertical  and  resultant  seat  loads  during  impact  were  6% 
(110  lb)  higher  with  the  negative  G  strap  absent.  These  results  were  associated 
with  approximate  50%  higher  vertical  and  resultant  seat  loads  during  the  free 
fall  phase  with  the  negative  G  present.  All  of  these  findings  are  undoubtedly 
related  to  the  improved  performance  of  the  shoulder  straps  in  the  conventional 
configuration  with  an  added  negative  G  strap. 

Therefore,  incorporating  a  negative  G  strap  in  the  conventional  double  shoulder 
strap  and  lap  belt  configuration  produces  significant  beneficial  effects  from  a 
vertical  impact  protection  standpoint.  The  seat  load  findings  indicate  that 
occupant-seat  coupling  is  improved  during  free  fall  and  that  vertebral  column 
loading  is  decreased  during  impact  when  the  negative  G  strap  is  used.  Further¬ 
more,  when  the  results  of  comparison  E-F  are  compared  to  the  results  of  com¬ 
parison  G-H,  it  is  apparent  that  incorporating  the  negative  G  strap  into  the 
conventional  harness  produces  greater  beneficial  effects  than  incorporating  the 
negative  G  strap  into  the  PCU-15/P  configuration. 

In  comparison  E-G,  the  effects  of  differences  between  the  two  restraint 
configurations  without  added  negative  G  straps  were  examined  (Table  8).  The 
carriage  acceleration  was  0.4%  (0.04  G)  higher  in  test  condition  G.  This 
slight  bias  in  impact  test  condition  was  apparently  of  no  practical  signifi¬ 
cance,  because  the  majority  of  statistically  significant  increases  among  the 
response  parameters  was  seen  in  test  condition  E. 

There  were  statistically  significant  increases  in  +Z  axis  and  resultant  chest 
accelerations  and  chest  Severity  Index  in  the  PCU-15/P  configuration.  These 
findings  suggest  that  vertical  impact  protection  is  less  adequate  in  the 
PCU-15/P  harness  than  in  the  conventional  configuration.  There  were  no  sta¬ 
tistically  significant  trends  in  the  component  or  resultant  head  accelerations 
or  in  the  head  Severity  Index. 

During  the  free  fall  phase,  total  shoulder  strap  load  was  44%  (28  lb)  larger 
and  total  lap  belt  load  was  24%  (62  lb)  larger  in  the  conventional  configuration 
than  in  the  PCU-15/P  configuration.  The  straps  of  the  conventional  harness 
obviously  carry  higher  loads  in  the  free  fall  environment  than  those  of  the 
PCU-15/P  configuration.  This  may  be  attributed  to  the  fundamental  differences 
in  geometry  between  the  two  restraint  systems.  In  the  conventional  harness, 
the  shoulder  straps  are  integrated  with  the  lap  belt,  whereas,  in  the  PCU-15/P 
configuration,  there  is  no  direct  connection  between  the  shoulder  straps  and 
lap  belt. 

However,  during  impact,  the  total  shoulder  strap  load  was  54%  (37  lb)  larger 
in  the  PCU-15/P  configuration  than  in  the  conventional  harness.  There  was  no 
significant  difference  in  total  lap  belt  load  between  t.i«.  -wo  configurations 
during  impact.  The  shoulder  straps  of  the  conventional  harness,  therefore, 
carry  significantly  more  load  during  the  free  fall  phase  and  significantly  less 
load  during  the  impact.  In  so  doing,  the  conventional  restraint  provides  more 
effective  upper  torso  stabilization  than  the  PCU-15/P  configuration,  as  evi¬ 
denced  by  the  aforementioned  chest  acceleration  findings. 
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TABLE  8 


VERTICAL  TEST  PHASE  ELECTRONIC  DATA: 

RESTRAINT  HARNESS  EFFECTS 

(Wilcoxon  Comparisons  E-G  and  F-H) 

PCU-15/P  Harness  was  used  In  Test  Conditions  E  and  F 
Conventional  Harness  was  used  in  Test  Conditions  G  and  H 


INCREASE  IN  PARAMETER  MEAN  HARNESS 

FOR  WHICH 

W/O  CROTCH  STRAP  W/  CROTCH  STRAP  THE  PARAMETER  MEAN 
MEASURED  PARAMETER  E  -  G  _  F-H  WAS  LARGER 


(N  =  14)  (N  =  16) 


CARRIAGE  ACCELERATION 

0.4* 

(0.04 

•  G) 

0.6* 

(0.06 

1  G) 

Conventional 

CARRIAGE  VELOCITY 

NSD 

0.4* 

(0.1 

ft/sec) 

PCU-15/P 

SEAT  ACCELERATION 

NSD 

NSD 

CHEST  ACCELERATION 

-X  Axis 

NSD 

NSD 

+X  Axis 

NSD 

NSD 

+Z  Axis 

21* 

(3.4 

G) 

25* 

(3.7 

G) 

PCU-15/P 

Resultant 

20* 

3.3 

G) 

25* 

(3.7 

G) 

PCU-15/P 

CHEST  SEVERITY  INDEX 

25* 

(7.5) 

30* 

(8.2) 

PCU-15/P 

HEAD  ACCELERATION 

-X  Axis 

NSD 

NSD 

+X  Axis 

NSD 

NSD 

+Z  Axis 

NSD 

7* 

(0.8 

G) 

PCU-15/P 

Resultant 

NSD 

7* 

(0.8 

G) 

PCU-15/P 

HEAD  SEVERITY  INDEX 

NSD 

8* 

(1.7) 

PCU-15/P 

FREE  FALL  STRAP  LOADS 

Total  Shoulder 

44* 

(28 

lb) 

72* 

(55 

lb) 

Conventional 

Total  Lap  Belt 

24* 

(62 

lb) 

14* 

(33 

lb) 

Conventional 

Negative  G  Strap 

t 

179* 

(143 

lb) 

Conventional 

IMPACT  STRAP  LOADS 

Total  Shoulder 

54* 

(37 

lb) 

165* 

(66 

lb) 

PCU-15/P 

Total  Lap  Belt 

NSD 

NSD 

Negative  G  Strap 

t 

146* 

(60 

lb) 

Conventional 

FREE  FALL  SEAT  LOADS 

+Z  Axis 

14* 

(34 

lb) 

47* 

(131 

lb) 

Conventional 

Resultant 

13* 

(32 

lb) 

46* 

(129 

lb) 

Conventional 

IMPACT  SEAT  LOADS 

-X  Axis 

20* 

(12 

lb) 

32* 

(18 

lb) 

PCU-15/P 

+Z  Axis 

8* 

(160 

lb) 

11* 

(200 

lb) 

PCU-15/P 

Resultant 

oo 

(160 

lb) 

11* 

(200 

lb) 

PCU-15/P 

This  table  summarizes  the  pertinent  results  of  two  comparisons  by  means  of  the 
Wilcoxon  paired-replicate  rank  test.  Statistically  significant  differences  in 
response  parameters  are  indicated  in  terms  of  percentage  and  magnitude  increases  in 
parameter  means  (2<*  <0.05).  NSD  indicates  no  statistically  significant  difference 
in  the  response  parameter  in  that  comparison.  A  dagger  (♦)  indicates  that  no  com¬ 
parison  was  possible,  since  the  negative  G  strap  was  present  in  neither  condition. 


Again,  the  most  important  findings  were  the  results  of  comparisons  of  the  seat 
load  data  derived  from  the  two  test  conditions.  Component  and  resultant  seat 
loads  were  higher  in  the  PCU-15/P  torso  harness  and  lap  belt  configuration 
compared  to  the  conventional  configuration  during  the  impact.  The  vertical  and 
resultant  seat  loads  were  8%  (160  lb)  larger  in  the  PCU-15/P  configuration.  On 
the  other  hand,  during  the  free  fall  phase,  vertical  and  resultant  seat  loads 
were  higher  in  the  conventional  restraint.  These  findings  are  consistent  with 
the  interpretation  that  the  conventional  harness  provides  better  occupant-seat 
coupling  during  the  free  fall  phase  and  better  vertical  impact  protection  than 
the  PCU-15/P  torso  harness. 

In  surrmary,  the  statistically  significant  findings  among  the  measured  response 
parameters  in  this  comparison  indicate  that  the  conventional  configuration  is 
superior  to  the  PCU-15/P  configuration  from  the  standpoint  of  vertical  impact 
protection.  This  is  consistent  with  the  fact  that  the  PCU-15/P  torso  harness 
was  not  specifically  designed  to  provide  vertical  impact  protection,  but  rather 
was  designed  to  function  as  a  parachute  harness. 

In  comparison  F-H,  the  effects  of  differences  between  the  two  restraint 
configurations  with  added  negative  G  straps  were  assessed  (Table  8).  The 
carriage  acceleration  was  0.6%  (0.06  G)  higher  in  tests  of  the  conventional 
configuration;  the  carriage  velocity  change  was  0.04%  (0.1  ft/sec)  higher  in 
tests  of  the  PCU-15/P  configuration.  These  statistically  significant  trends  in 
the  impact  test  conditions  were  small  and  in  opposite  directions  and,  therefore, 
were  of  doubtful  practical  significance. 

Statistically  significant  trends  among  the  response  parameters  in  comparison 
F-H  were  similar  to  the  trends  found  in  comparison  E-G.  In  comparison  F-H,  the 
+Z  axis  and  resultant  chest  acceleration  and  chest  Severity  Index  were  higher  in 
the  PCU-15/P  torso  harness  and  lap  belt  configuration  with  an  added  negative  G 
strap  compared  to  the  conventional  harness  with  an  added  negative  G  strap. 

Also,  there  were  statistically  significant  increases  in  +Z  axis  and  resultant 
head  accelerations  as  well  as  in  head  Severity  Index  in  the  PCU-15/P  con¬ 
figuration.  These  acceleration  findings  are  all  indicative  of  less  adequate 
vertical  impact  protection  in  the  PCU-15/P  configuration  with  an  added  negative 
G  strap. 

Total  shoulder  strap  load  was  larger  by  72%  (55  lb)  during  the  free  fall  phase 
in  the  conventional  configuration.  However,  this  load  was  increased  by  165% 

(66  lb)  during  the  impact  in  the  PCU-15/P  configuration.  Although  the  PCU-15/P 
shoulder  straps  carry  significantly  greater  loads  during  the  impact,  the  conven¬ 
tional  configuration  apparently  provides  more  effective  upper  torso  restraint, 
as  evidenced  by  the  lower  chest  accelerations  and  chest  Severity  Index  in  the 
conventional  configuration. 

Total  lap  belt  load  was  larger  by  14%  (33  lb)  during  the  free  fall  phase  in 
the  conventional  configuration.  There  was  no  statistically  significant  dif¬ 
ference  in  this  load  during  the  impact.  These  data  do  not  provide  a  basis  for 
denying  the  assertion  that  the  lap  belt  functions  similarly  during  impact  in 
these  two  harness  configurations. 


In  the  conventional  configuration,  the  negative  G  strap  load  was  higher  by 
17956  (143  lb)  and  14656  (60  lb)  during  the  free  fall  phase  and  impact  phase, 
respectively.  These  findings  are  attributable  to  the  harness  geometry  con¬ 
siderations  noted  previously.  By  providing  a  direct  load  pathway  from  the 
shoulder  straps  to  the  seat,  the  negative  G  strap  greatly  improves  the  load 
carrying  capability  of  the  shoulder  straps  in  the  conventional  configuration 
during  the  free  fall  phase  and  carries  significantly  more  load  during  the  free 
fall  phase  and  impact  phase  than  the  negative  G  strap  in  the  PCU-15/P  con¬ 
figuration. 

As  a  result,  the  function  of  the  conventional  harness  as  a  vertical  impact  pro¬ 
tection  device  is  greatly  Improved.  The  most  significant  findings  were,  again, 
among  the  seat  load  data.  The  vertical  and  resultant  seat  loads  were  1156  (200 
lb)  larger  during  the  impact  in  the  PCU-15/P  configuration.  On  the  other  hand, 
during  the  free  fall  phase,  there  were  approximate  47%  larger  vertical  and 
resultant  seat  loads  in  the  conventional  configuration.  These  findings,  as  in 
comparison  E-G,  indicate  clearly  superior  occupant-seat  coupling  during  the  free 
fall  phase  and  significantly  less  vertebral  loading  during  the  impact  phase  in 
the  conventional  configuration  with  an  added  negative  G  :trap  than  in  the 
PCU-15/P  configuration  with  an  added  negative  G  strap.  In  sunmary,  therefore, 
the  findings  in  comparisons  E-G  and  F-H  indicate  that  the  PCU-15/P  torso  harness 
and  lap  belt  configuration  provides  less  adequate  vertical  impact  protection 
than  the  conventional  double  shoulder  strap  -  lap  belt  configuration,  regardless 
of  whether  a  negative  G  strap  is  used. 

More  careful  study  of  the  differences  between  the  results  of  comparisons  F-H 
and  E-G  provides  additional  Insights  into  the  effects  of  negative  G  strap 
incorporation.  Although  the  statistically  significant  trends  among  the 
response  parameters  were  similar  in  the  two  comparisons,  several  differences 
are  noteworthy.  For  example,  statistically  significant  trends  among  the  head 
acceleration  data  were  observed  in  comparison  F-H,  indicating  superior  perfor¬ 
mance  in  the  conventional  configuration.  Also,  there  was  a  larger  increase  in 
shoulder  strap  load  carrying  capability  during  the  free  fall  phase  in  the 
conventional  harness  with  an  added  negative  G  strap  (comparison  F-H)  than  in 
the  conventional  harness  without  a  negative  G  strap  (comparison  E-G).  This 
finding  was  coupled  with  a  much  larger  increase  in  total  shoulder  strap  load 
during  the  impact  phase  in  the  PCU-15/P  configuration  with  an  added  negative  G 
strap  than  in  the  PCU-15/P  configuration  without  a  negative  G  strap.  Finally, 
larger  increases  in  vertical  and  resultant  seat  loads  during  impact  were  seen 
in  the  PCU-15/P  configuration  compared  to  the  conventional  configuration  when 
both  had  added  negative  G  straps  (comparison  F-H)  rather  than  when  neither  had 
negative  G  straps  (comparison  E-G). 

Observed  differences  among  the  response  parameters  in  comparisons  E-G  and  F-H, 
taken  together.  Indicate  that  negative  G  strap  incorporation  produces  greater 
improvement  in  vertical  impact  protection  performance  in  the  conventional  har¬ 
ness  than  In  the  PCU-15/P  configuration.  These  conclusions  are  also  supported 
by  the  results  of  comparisons  E-F  and  G-H. 


D.  MEDICAL  FINDINGS 


During  the  horizontal  test  phase,  the  medical  adverse  effects  were  limited  to 
anticipated,  clinically  inconsequential  findings.  The  medical  adverse  effects 
which  occurred  as  the  result  of  the  10  G  experimental  level  tests  are  summarized 
in  Table  9. 


TABLE  9 

HORIZONTAL  TEST  PHASE: 

FREQUENCY  OF  SUBJECTIVE  AND  OBJECTIVE  MEDICAL  FINDINGS 


TEST  CONDITION 

RESTRAINT  HARNESS 
NEGATIVE  G  STRAP 

A 

PCU 

NO 

B 

PCU 

YES 

C 

CONV 

NO 

D 

CONV 

YES 

TOTAL 

N  = 

16 

15 

18 

18 

67 

TRANSIENT  PAINS 

1 

0 

3 

1 

5 

PARESTHESIAS 

1 

0 

1 

0 

2 

ABRASIONS 

1 

0 

7 

7 

15 

CONTUSIONS 

2 

0 

2 

1 

5 

MUSCLE  STRAINS 

1 

0 

1 

2 

VASOVAGAL  REACTIONS 

1 

0 

1 

The  abrasions  and  contusions  were  found  in  areas  contacting  the  restraint  har¬ 
ness  straps.  All  abrasions  occurred  in  the  area  beneath  the  shoulder  straps, 
primarily  in  the  conventional  harness.  Similar  abrasions  were  probably  pre¬ 
vented  in  many  of  these  tests  by  placing  silk  tape  between  the  restraint  straps 
and  the  subject.  Five  minor  contusions  were  observed  during  these  67  impact 
tests.  One  was  located  beneath  the  shoulder  straps,  three  beneath  the  lap  belt, 
and  one  was  a  groin  contusion.  The  muscle  strains  were  mild  posterior  cervical 
strains,  which  resolved  with  symptomatic  care. 

Three  subjects  experienced  transient  coccygeal  pain  following  impact  in  the  con¬ 
ventional  harness  without  an  added  negative  G  strap  (test  condition  C).  This 
medical  finding  has  been  seen  in  previous  -Gx  impact  tests  in  the  conventional 
harness.  In  other  forward  facing  impact  test  programs,  coccygeal  contusions  and 
fractures  have  been  observed. 

Notably,  there  was  no  significant  loading  of  the  groin  or  genitalia  by  the  nega¬ 
tive  G  strap  in  test  conditions  B  or  D.  Subjects  did  not  find  it  necessary  to 
wear  hard  cup  groin  protectors.  However,  one  subject,  with  a  relatively  small 
sitting  height,  experienced  transient  groin  pain  on  two  occassions  (test  con¬ 
ditions  A  and  D)  and  on  a  third  occassion  incurred  a  groin  contusion  in  the 
inguinal  region  (test  condition  C).  Note  that  the  negative  G  strap  was  not  used 
in  test  conditions  A  or  C.  Why  these  adverse  effects  were  experienced  by  this 
subject  is  not  clear.  Remarkably,  no  medical  adverse  effects  were  documented  in 
test  condition  B,  in  which  the  PCU-15/P  torso  harness  and  lap  belt  with  an  added 
negative  G  strap  was  evaluated. 


The  most  significant,  but  still  clincally  inconsequential,  medical  finding  was 
a  vasovagal  reaction.  The  subject,  M-13,  experienced  right  shoulder  pain  during 
the  impact  in  test  condition  A.  Following  the  impact,  the  subject  became 
diaphoretic,  mildly  bradycardic,  and  mildly  hypotensive.  Vital  signs  improved 
in  8  to  10  minutes,  after  the  subject  assumed  a  head-dependent  position.  The 
further  voluntary  participation  of  this  subject  in  impact  tests  was  not 
influenced  by  this  experience. 

During  the  horizontal  test  phase,  12  orientation  tests  were  conducted  at  the  6  G 
level  and  21  orientation  tests  were  conducted  at  the  8  G  level.  In  the  6  G 
tests,  two  subjects  experienced  abrasions,  one  subject  had  a  contusion,  and  two 
inexperienced  subjects  experienced  mild  cervical  strains.  In  the  8  G  tests,  ten 
subjects  experienced  abrasions  and  one  subject  incurred  a  contusion. 

Subject  attrition  during  this  test  phase  was  not  unusual.  One  subject  (P-4) 
terminated  his  participation  due  to  a  new  duty  assignment.  He  withdrew  from  the 
test  program  having  completed  the  8  G  orientation  exposure  and  one  impact  at  the 
10  G  level  (test  condition  C),  during  which  he  incurred  an  abrasion  and  a  cer¬ 
vical  strain.  (These  data  are  not  included  in  Table  9.)  Another  subject  (W-3), 
having  completed  the  6  G  and  8  G  orientation  exposures,  voluntarily  withdrew 
from  the  test  program  due  to  excessive  pretest  anxiety.  A  third  subject  (B-2) 
also  voluntarily  withdrew  from  the  program  following  6  G,  8  G  and  two  10  G  expo¬ 
sures.  This  subject  also  cited  excessive  pretest  anxiety  as  the  reason  for  ter¬ 
minating  his  participation. 

In  sumnary,  101  human  impact  tests  were  conducted  during  the  horizontal  test 
phase  of  this  study.  Sixty-eight  tests  were  at  the  10  G  experimental  level  and 
33  tests  were  at  the  6  G  and  8  G  orientation  levels.  These  exposure  levels  were 
found  to  be  well  within  human  impact  tolerance  and  no  clinically  consequential 
medical  adverse  effects  were  noted  during  any  of  the  experiments.  No  medical 
contraindications  to  negative  G  strap  incorporation  in  either  restraint  were 
found. 

During  the  vertical  test  phase,  only  a  few  medical  adverse  effects  were 
encountered  (Table  10).  All  were  clinically  inconsequential. 

One  subject  (B-l)  experienced  transient  cervical  pain  during  both  exposures  in 
the  PCU-15/P  configuration.  Another  subject  (E-2)  experienced  mild  posterior 
cervical  strains  in  both  negative  G  strap  test  conditions.  Review  of  the  photo¬ 
metric  data  revealed  that  these  medical  adverse  effects  were  related  to  hyperex¬ 
tension  of  the  cervical  spine  during  the  impact.  Similar  effects  have  been  seen 
in  other  vertical  impact  tests  with  the  headrest  1  inch  aft  of  the  seat  back 
plane  (Hearon  et  al.,  1983).  Predisposing  factors  include  the  subject's  efforts 
to  maintain  his  initial  position  (head  against  headrest)  and  the  relatively 
poor  upper  torso  support  afforded  by  the  PCU-15/P  torso  harness,  which  was  used 
in  three  of  the  four  cases  above.  As  a  result  of  the  mild  posterior  cervical 
strains  experienced,  subject  E-2  voluntarily  withdrew  from  the  test  program. 

Seventeen  orientation  tests  at  the  8  G  level  were  conducted  during  the  vertical 
test  phase.  No  medical  adverse  effects  were  encountered  in  any  of  these  tests. 


TABLE  10 


VERTICAL  TEST  PHASE: 

FREQUENCY  OF  SUBJECTIVE  AND  OBJECTIVE  MEDICAL  FINDINGS 


TEST  CONDITION 

RESTRAINT  HARNESS 
NEGATIVE  G  STRAP 

E 

PCU 

NO 

F 

PCU 

YES 

G 

CONV 

NO 

H 

CONV 

YES 

TOTAL 

N  = 

16 

17 

15 

16 

64 

TRANSIENT  PAINS 

3 

1 

0 

0 

4 

MUSCLE  STRAINS 

0 

1 

0 

1 

2 

In  summary,  81  human  impact  tests  were  conducted  during  the  vertical  test  phase, 
64  at  the  10  G  experimental  level  and  17  at  the  8  G  orientation  level.  These 
exposure  levels  were  well  within  human  tolerance,  as  no  clinically  consequential 
medical  adverse  effects  were  encountered.  Finally,  no  medical  contraindications 
to  negative  G  strap  incorporation  in  either  harness  were  noted. 


E.  SUBJECTIVE  DATA 

Following  each  experimental  level  impact  in  this  series,  the  subject  was 
administered  a  questionnaire  designed  to  evaluate  subjective  impressions  before, 
during,  and  after  the  impact.  The  subject  was  asked  to  evaluate  various  test- 
related  sensations  on  a  seven  integer  scale  from  -3  to  +3  with  0  indicating  a 
neutral  response.  For  example,  shoulder  strap  and  lap  belt  pressures  were 
assessed  as  relatively  high  or  relatively  low.  Head  displacement  during  the 
impact  was  relatively  large  or  relatively  small.  The  overall  impact  experience 
was  relatively  uncomfortable  or  relatively  comfortable. 

The  integer  responses  to  each  question  were  analyzed  in  two  ways.  First,  the 
mean  subject  response  to  each  question  in  each  test  condition  was  computed. 

This  average  response  value  was  compared  to  the  mean  response  for  the  same 
question  in  a  comparable  test  condition.  This  approach  permitted  general 
conclusions  regarding  the  subjective  responses  to  be  drawn.  Second,  closer 
analysis  of  these  data  was  accomplished  by  searching  for  question  response 
trends  in  comparable  test  conditions.  Specifically,  the  numbers  of  subjects 
giving  more  favorable  or  less  favorable  responses  to  the  same  question  in  com¬ 
parable  test  conditions  were  compared. 
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First,  data  collected  during  the  horizontal  test  phase  are  presented.  In  the 
static,  pretest  condition,  subjects  generally  perceived  shoulder  strap  and  lap 
belt  pressures  to  be  higher  in  the  PCU-15/P  configuration  than  in  the  conven¬ 
tional  configuration.  Also,  the  general  overall  impression  of  the  seat  and  har¬ 
ness  was  that  the  PCU-15/P  configuration  was  more  uncomfortable  than  the 
conventional  harness.  For  example,  eight  subjects  believed  that  the  PCU-15/P 
configuration  with  an  added  negative  G  strap  was  more  uncomfortable  than  a 
similarly  configured  conventional  harness,  while  only  one  subject  believed  the 
reverse  to  be  true  and  five  subjects  perceived  no  difference. 

During  the  impact,  subjects  generally  believed  that  shoulder  strap  pressure  was 
higher  with  the  negative  G  strap  than  without  it.  For  example,  nine  subjects 
believed  that  shoulder  strap  pressure  was  higher  in  the  conventional  con¬ 
figuration  with  an  added  negative  G  strap  than  in  the  conventional  configuration 
without  a  negative  G  strap,  three  subjects  believed  the  opposite  was  true,  and 
five  subjects  perceived  no  difference.  Measured  shoulder  strap  load  during 
impact  was,  in  fact,  significantly  higher  with  the  negative  G  strap  than  without 
the  negative  G  strap  in  both  the  PCU-15/P  configuration  and  the  conventional 
configuration.  (See  comparisons  A-B  and  C-D  in  Section  3B.) 

Second,  data  derived  from  the  vertical  test  phase  are  presented.  In  the  static, 
pre- impact  test  condition,  subjects  again  generally  perceived  shoulder  strap 
and  lap  belt  pressures  to  be  higher  in  the  PCU-15/P  configurations  than  in  the 
conventional  configurations,  regardless  of  negative  G  strap.  Specifically,  six 
subjects  believed  that  shoulder  strap  and  lap  belt  pressures  were  higher  in  the 
PCU-15/P  harness  without  negative  G  strap  than  in  the  conventional  harness 
without  negative  G  strap,  while  only  one  subject  believed  the  converse  was  true 
and  seven  subjects  perceived  no  difference.  Also,  the  general  overall 
impression  of  the  seat  and  harness  was  that  the  PCU-15/P  configuration  was  less 
comfortable  than  the  conventional  configuration.  Similarly,  six  subjects  felt 
that,  overall,  the  PCU-15/P  configuration  without  negative  G  strap  was  less 
comfortable  than  the  conventional  configuration  without  negative  G  strap,  while 
only  one  subject  believed  the  reverse  to  be  true  and  seven  subjects  perceived  no 
difference. 

Even  stronger  trends  in  the  subjective  data  were  found  in  comparison  F-H. 

Twelve  subjects  believed  that  lap  belt  pressure  was  higher  in  the  PCU-15/P 
configuration  with  an  added  negative  G  strap  than  in  the  conventional 
configuration  with  an  added  negative  G,  while  only  one  subject  believed  the 
contrary.  Finally,  eleven  subjects  believed  that  the  PCU-15/P  configuration 
with  an  added  negative  G  strap  was  less  comfortable,  overall,  than  the  conven¬ 
tional  configuration  with  an  added  negative  G  strap,  while  only  one  subject 
believed  the  reverse  to  be  true. 
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During  the  impact,  subjects'  impressions  of  the  PCU-15/P  configuration  were  less 
favorable  than  their  impressions  of  the  conventional  configuration.  Subjects 
generally  believed  that  shoulder  strap  and  lap  belt  pressures  were  higher,  head 
displacements  were  larger,  and  neck  and  back  were  less  comfortable  in  the 
PCU-15/P  configuration  thari  in  the  conventional  configuration.  For  example, 
a  plurality  of  five  subjects  believed  that  shoulder  strap  pressure  was  higher 
and  a  plurality  of  nine  subjects  believed  that  lap  belt  pressure  was  higher  in 
the  PCU-15/P  configuration  without  the  negative  G  strap  than  in  the  conventional 
configuration  without  the  negative  G  strap.  Measured  shoulder  strap  load  during 
impact  was,  in  fact,  higher  in  the  PCU-15/P  configuration  than  in  the  conven¬ 
tional  configuration,  regardless  of  the  negative  G  strap.  (See  comparisons 
E-G  and  F-H  in  Section  3C.)  However,  there  was  no  statistically  significant 
difference  in  total  lap  belt  load  during  impact  between  the  two  restraint 
configurations. 

In  sumnary,  then,  the  subjective  data  from  both  test  phases  are  generally  con¬ 
sistent  with  the  foregoing  objective  test  data.  The  PCU-15/P  configuration 
clearly  was  not  favored  by  subjects  in  either  test  phase.  In  addition,  negative 
G  strap  incorporation  into  the  conventional  configuration  was  not  favored  for 
forward  facing  impacts. 
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SECTION  4 


DISCUSSION 


A.  NEGATIVE  G  STRAPS  EFFECTS 

In  assessing  the  utility  of  negative  G  or  crotch  strap  incorporation  into 
various  restraint  systems,  it  is  useful  to  consider  the  negative  G  strap  func¬ 
tions  separately  in  the  operational  and  impact  contexts.  In  the  operational 
context,  the  perceived  user  benefit  of  negative  G  strap  incorporation  is  the 
improved  support  during  -Gz  acceleration  maneuvers  resulting  from  decreased 
upward  rotation  of  the  lap  belt.  In  some  restraint  configurations,  the  negative 
G  strap  links  the  shoulder  straps  to  the  lower  seat  structure,  thereby  per¬ 
mitting  shoulder  strap  loads  to  be  carried  to  the  seat. 

In  recent  years,  various  operational  incidents  have  focused  attention  on  the 
need  to  improve  man-seat  coupling  during  sustained  -Gz  accelerations  in  high 
performance  aircraft.  Such  incidents  include  reports  of  helmet-canopy  contact 
and  survival  kit  release  from  the  seat  during  -Gz  maneuvers.  In  one  case,  an 
F-4  pilot  incurred  a  cervical  fracture  with  neurologic  sequelae  due  to  helmet- 
canopy  contact.  This  resulted  in  permanent  paralysis  of  that  crewmember  and 
nearly  resulted  in  loss  of  the  aircraft  and  both  crewmembers. 

In  the  impact  context,  the  primary  perceived  benefit  of  negative  G  strap  incor¬ 
poration  is  to  decrease  the  likelihood  of  torso  submarining  under  the  lap  belt 
during  -Gx  impact  acceleration.  By  tethering  the  lap  belt  to  the  lower  seat 
structure,  the  negative  G  strap  reduces  the  tendency  for  the  lap  belt  to  rotate 
up  and  over  the  anterior  superior  iliac  crests  of  the  pelvis.  During  such  for¬ 
ward  facing  impacts,  shoulder  strap  loads  may  also  be  carried  to  the  lower  seat 
structure  in  a  manner  similar  to  the  sustained  -Gz  case,  but  the  origin  of  the 
-Gx  loading  is  different  and  the  load  magnitude  is  greatly  increased. 

The  perceived  risk  of  negative  G  strap  incorporation  is  primarily  the  potential 
for  groin  injury  during  a  -Gx  impact  associated  with  ejection  or  aircraft  crash. 
Avoiding  significant  submarining  in  such  cases  is  essential  to  prevent  loading 
of  the  anterior  abdominal  wall  by  the  lap  belt  and,  therefore,  the  risk  of 
catastrophic  internal  injury.  A  correctly  designed  restraint  does  not  prevent 
submarining  by  the  application  of  direct  negative  G  strap  loading  of  the  genita¬ 
lia  and  groin.  Nevertheless,  such  loading  is  conceivable,  particularly  with  a 
loosely  adjusted  lap  belt  or  an  inferior  negative  G  strap  attachment  located  too 
far  aft  for  the  crewmember  in  question. 

Some  operational  experience  with  crotch  straps  has  been  accrued  in  foreign  mili¬ 
tary  services,  notably  the  United  Kingdom,  and  in  the  T-38  aircraft  of  the  USAF 
Thunderbirds.  However,  the  most  extensive  USAF  operational  experience  with  a 
restraint  harness  which  incorporates  a  negative  G  strap  has  been  with  the  har¬ 
ness  of  the  F/FB-111.  Operational  ejection  experience  in  the  F/FB-111  has  been 
discouraging  in  view  of  the  relatively  high  rate  of  vertebral  fracture  among 
survived  ejectees  (Hearon  et  al .,  1982).  However,  among  all  ejection-related 
injuries,  only  one  scrota1~Taceration  and  two  thigh  contusions  may  be  attributed 
to  the  presence  of  the  negative  G  strap  in  the  F/FB-111  system.  The  crewmember 
who  incurred  the  5  cm  scrotal  laceration  also  suffered  multiple  vertebral  frac¬ 
tures  during  a  near  nose-down  landing  impact  of  the  crew  module  resulting  from 


a  failure  of  the  parachute  suspension  system  (Hearon,  1981).  The  ejection  data, 
therefore,  suggest  that  the  F/FB-111  crotch  strap  functions  without  producing 
significant  injury  to  the  genitalia  or  groin.  In  fact,  a  clinically  consequen¬ 
tial  vertebral  fracture  is  apparently  more  likely  to  occur  than  a  clinically 
consequential  injury  to  the  genitalia  or  groin. 

Extensive  impact  testing  of  the  F/FB-111  restraint  system  (with  the  shoulder 
strap  anchor  points  slightly  modified)  has  recently  been  conducted  (Brinkley  et 
al .,  1981).  One-hundred  and  eighty-seven  human  tests  in  all  three  cardinal  axes 
were  performed.  These  included  vertical  impact  exposures  up  to  10  G  peak  (26 
ft/sec,  forward  facing  impacts  up  to  10  G  peak  (32  ft/sec),  and  sideward  or 
lateral  impacts  up  to  8  G  peak  (30  ft/sec).  The  largest  negative  G  strap  loads 
were  recorded  for  the  lateral  impact  tests.  A  possible  explanation  for  this 
finding  is  that,  during  lateral  impact,  the  subject's  thigh  directly  impacted 
the  crotch  strap.  This  resulted  in  a  number  of  abrasions  and  contusions  of  the 
upper  medial  thigh  in  the  area  of  contact.  However,  no  clinically  consequential 
injuries  to  the  groin  or  genitalia  were  found.  During  the  -Gx  test  phase,  sub¬ 
jects  initially  wore  hard  cup  groin  protectors,  as  the  potential  for  groin 
injury  in  the  proposed  tests  was  unknown.  However,  several  subjects  believed 
that  the  hard  cup  protector  enhanced  rather  than  mollified  the  discomfort  and, 
therefore,  the  use  of  these  devices  was  discontinued  without  medical  con¬ 
sequence.  Finally,  during  the  vertical  impact  tests,  no  subjective  complaints 
or  objective  medical  findings  were  associated  with  the  negative  G  or  crotch 
strap.  All  impact  exposures  were  performed  after  the  shoulder  straps  and  lap 
belts  were  tightly  pretensioned  to  15-20  lb  per  strap.  It  is  anticipated  that 
similar  impact  exposures  with  untensioned  straps  would  provide  an  opportunity 
for  increased  injury  risk. 

In  view  of  the  aforementioned  background,  the  present  study  was  undertaken  pri¬ 
marily  to  document  the  benefits  and  risks  associated  with  negative  G  strap 
incorporation  into  the  PCU-15/P  torso  harness  and  lap  belt  configuration.  This 
research  effort  is  part  of  the  ongoing  ACES  II  Upgrade  Program  in  which  a 
variety  of  proposed  retrofit  modifications  to  the  ACES  II  are  being  evaluated. 
This  study  also  used  a  standard  double  shoulder  strap  -  lap  belt  configuration 
as  a  comparison  or  control  test  condition. 

Negative  G  strap  incorporation  into  the  PCU-15/P  torso  harness  and  lap  belt  con¬ 
figuration  was  clearly  demonstrated  to  have  beneficial  effects  in  this  study. 

In  the  horizontal  test  phase,  the  tendency  toward  submarining  was  decreased,  as 
evidenced  by  the  small  but  statistically  significant  decreases  in  vertical  and 
resultant  knee  displacements  with  the  added  negative  G  strap.  There  were  no 
statistically  significant  changes  in  body  segment  accelerations,  the  associated 
Severity  Indices,  or  vertical  seat  load  with  the  added  negative  G  strap.  In  the 
vertical  test  phase,  analysis  of  vertical  and  resultant  seat  loads  indicated 
improved  man-seat  coupling  during  carriage  free  fall  and  reduced  vertebral 
column  loading  during  impact  with  the  added  negative  G  strap. 

Negative  G  strap  addition  to  the  conventional  double  shoulder  strap  and  lap  belt 
configuration  was  associated  with  clearly  beneficial  effects  in  the  vertical 
test  phase.  There  was  improved  occupant-seat  coupling  during  carriage  free  fall 
and  vertical  impact  response  was  more  benign  with  the  added  negative  G  strap. 

The  latter  was  evidenced  by  lower  resultant  head  and  chest  accelerations,  lower 
head  and  chest  Severity  Indices,  and  lower  vertical  and  resultant  seat  loads. 
However,  both  beneficial  and  potentially  detrimental  effects  were  observed 


during  the  horizontal  test  phase.  The  negative  G  strap  very  effectively 
reduced  the  tendency  toward  submarining  in  the  forward  facing  tests,  as 
evidenced  by  lower  component  and  resultant  knee  displacements.  However,  the 
forward  inertial  response  of  the  torso  was  increased,  as  evidenced  by  increases 
in  -X  chest  acceleration  and  chest  Severity  Index.  Increased  vertical  seat  load 
was  observed  but,  as  previously  discussed,  its  significance  remains  unclear  on 
the  basis  of  current  data. 

Also  noteworthy  was  the  absence  of  clinically  consequential  medical  adverse  find¬ 
ings  among  the  tests  in  this  series.  There  were  thus  no  medical  contrain¬ 
dications  to  negative  G  strap  incorporation  in  either  restraint  system.  The 
subjective  data  obtained  from  the  post-test  questionnaire  revealed  that  subjects 
had  no  clear  preference  for  or  against  the  negative  G  strap.  The  notable  excep¬ 
tion  was  in  the  horizontal  test  phase,  when  the  conventional  restraint  without 
the  crotch  strap  was  preferred  to  the  same  harness  with  the  crotch  strap. 

In  sumnary,  these  tests  demonstrated  that  negative  G  strap  incorporation  into 
the  PCU-15/P  configuration  or  the  conventional  configuration  (1)  reduced  the 
tendency  toward  submarining  during  10  G  (30  ft/sec)  forward  facing  impact 
accelerations,  (2)  improved  occupant-seat  coupling  during  free  fall,  and  (3) 
improved  vertical  impact  protection  performance  during  10  G  (26  ft/sec)  expo¬ 
sures.  In  addition,  during  the  forward  facing  impacts,  negative  G  strap  incor¬ 
poration  produced  no  adverse  changes  among  critical  response  parameters  in  the 
PCU-15/P  configuration,  and  only  raised  the  question  of  possible  performance 
degradation  in  the  conventional  configuration.  Finally,  no  medical  contrain¬ 
dications  to  negative  G  strap  incorporation  were  found  in  this  study. 

In  a  concurrent  study  performed  on  the  AFAMRL  Dynamic  Environment  Simulator 
(DES),  negative  G  strap  addition  to  the  PCU-15/P  configuration  was  shown  to  have 
a  beneficial  effect  in  a  sustained  -2.0  Gz  environment.  Although  no  statisti¬ 
cally  significant  differences  in  tracking  task  performance  were  found,  subject 
vertical  displacement  from  the  seat  was  significantly  less  when  the  negative  G 
strap  was  used  (Leupp  &  Frazier,  1982). 

It  should  be  noted  that  the  negative  G  strap  evaluated  in  this  study  represents 
only  one  approach  to  provide  the  anticipated  benefits.  The  function  of  the 
crotch  strap  in  forward  facing  impacts  might  be  more  effectively  served  by  a 
split  or  inverted  V  crotch  strap  with  the  lower  attachment  points  separated  at 
the  rear  seat  corners.  Such  inverted  V  straps  were  part  of  the  restraint 
systems  used  during  early  -Gx  impacts  conducted  on  the  rocket  sled  at  Holloman 
Air  Force  Base,  New  Mexico  (Stapp,  1951).  Typical  acceleration  profiles 
extended  from  28  to  36  G  with  onset  rates  of  500  to  1500  G/sec  and  velocity 
changes  near  700  ft/sec.  These  human  exposures  were  tolerated  without  signifi¬ 
cant  pelvic  injury. 

Further  forward  facing  impact  tests  with  volunteer  subjects  are  planned  at 
AFAMRL  to  compare  response  with  a  split  or  inverted  V  crotch  strap  to  response 
with  a  single  crotch  strap.  Other  configurations  are  also  conceivable.  For 
example,  the  upper  attachments  of  the  negative  G  strap  to  the  lap  belt  may  be 
separated  as  well  as  the  lower  attachment  points.  These  alternatives  to  the 
single  crotch  strap  arrangement  might  improve  forward  facing  impact  protection 
in  the  conventional  configuration. 


Finally,  it  is  not  possible  to  quantitatively  predict  the  operational  injury 
potential  associated  with  negative  6  strap  incorporation.  It  may  be  presumed 
that  the  greatest  likelihood  for  injury  in  an  open  ejection  seat  is  during 
transient  -Gx  accelerations  resulting  from  seat  deceleration  with  drogue 
parachutes  or  from  aircraft  crash  landing.  However,  all  indications  from  the 
relevant  operational  and  experimental  data  are  that  operational  injuries  of  the 
groin  or  genitalia  due  to  negative  G  incorporation  into  the  PCU-15/P  con¬ 
figuration  will  be  unlikely.  Furthermore,  those  which  occur  are  likely  to  be 
clinically  inconsequential  or  to  be  associated  with  unrelated  but  more  serious 
injuries  in  other  organ  systems.  These  conclusions,  of  course,  are  predicated 
on  the  consistent  proper  adjustment  and  pretensioning  of  an  appropriately 
designed  restraint  system. 

On  the  basis  of  these  test  results  and  other  available  evidence,  sufficient 
benefits  appear  to  derive  from  use  of  the  negative  G  or  crotch  strap  to  warrant 
a  reconmendation  for  its  incorporation  into  selected  USAF  restraint  systems, 
notably  the  PCU-15/P  torso  harness  and  lap  belt  configuration.  Designs  for 
incorporation  should  be  based  on  knowledegable  exploitation  of  potential  bene¬ 
fits  and  avoidance  of  potential  hazards. 


B.  RESTRAINT  HARNESS  EFFECTS 

By  virtually  all  evaluation  criteria,  the  PCU-15/P  configuration  was  found  to  be 
inferior  to  the  conventional  configuration.  In  the  horizontal  test  phase,  this 
inferiority  was  evidenced  by  larger  component  and  resultant  chest  accelerations, 
higher  chest  Severity  Index,  and  higher  vertical  seat  load  in  the  PCU-15/P 
configuration.  When  a  negative  G  strap  was  added  to  both  configurations,  there 
was  improvement  in  the  performance  disparity  between  the  configurations. 

However,  the  PCU-15/P  configuration  with  an  added  negative  G  strap  still  pro¬ 
vided  less  adequate  -Gx  impact  protection  than  the  conventional  configuration, 
as  evidenced  by  higher  chest  acceleration  and  chest  Severity  Index  in  the 
PCU-15/P  configuration. 

The  PCU-15/P  configuration  also  provided  less  adequate  vertical  impact  protec¬ 
tion  than  the  conventional  configuration.  This  was  evidenced  by  higher  +Z  and 
resultant  chest  accelerations,  chest  Severity  Index,  and  vertical  and  resultant 
seat  loads  in  the  PCU-15/P  configuration.  The  observed  disparity  in  performance 
between  the  two  harnesses  widened  with  negative  G  strap  incorporation.  For 
example,  adding  negative  G  straps  to  both  configurations  increased  the  differen¬ 
ces  in  vertical  and  resultant  seat  loads  between  the  two  harnesses.  In  addi¬ 
tion,  statistically  significant  increases  in  +Z  and  resultant  head  accelerations 
and  head  Severity  Index  were  noted  in  the  PCU-15/P  configuration  with  an  added 
negative  G  strap  compared  to  the  conventional  configuration  with  an  added  nega¬ 
tive  G  strap. 

There  was  no  medical  injury  evidence  disclosed  by  this  test  program  to  indicate 
that  one  harness  configuration  was  preferable  to  the  other.  However,  the  sub¬ 
jective  data  provided  on  post-test  questionnaires  revealed  that  subjects  clearly 
preferred  the  conventional  configuration  over  the  PCU-15/P  configuration,  par¬ 
ticularly  in  the  vertical  test  phase. 


In  simmary,  then,  the  photometric,  electronic,  and  subjective  data  derived  from 
this  test  program  indicate  that  the  conventional  harness  is  clearly  preferable 
to  the  PCU-15/P  configuration  for  vertical  and  forward  facing  impacts,  regard¬ 
less  of  whether  a  negative  6  strap  is  used.  This  finding  is  not  surprising  in 
view  of  the  obvious  geometric  differences  between  restraint  systems.  In  the 
conventional  conf iguration,  there  is  better  integration  of  the  lap  belt  and 
shoulder  straps.  Addition  of  the  negative  G  strap  provides  a  direct  load  path¬ 
way  by  which  shoulder  strap  loads  may  be  carried  to  the  seat  structure.  On  the 
other  hand,  in  the  PCU-15/P  configuration,  the  lap  belt  with  or  without  the 
added  negative  G  strap  is  not  directly  attached  to  the  shoulder  straps  of  the 
torso  harness.  The  relatively  poor  integration  among  the  restraint  straps 
causes  the  PCU-15/P  configuration  to  be  a  relatively  poor  impact  protection 
device.  This  is  not  surprising,  since  the  system  was  originally  designed  to 
function  as  a  parachute  harness. 

Adding  a  negative  G  or  crotch  strap  to  the  lap  belt  of  the  PCU-15/P  con¬ 
figuration  will  improve  the  impact  protection  performance  of  this  restraint 
system.  Additional  research  at  AFAMRL  is  in  progress  to  identify  restraint 
harness  features  which  may  further  improve  the  performance  of  current  as  well 
as  future  USAF  restraint  systems. 


Finally,  the  present  test  results  improve  our  understanding  of  restraint  con¬ 
figuration  effects  observed  in  another  test  program.  The  previous  vertical 
impact  tests  (Hearon  et  al .,  1983)  indicate  that  the  conventional  configuration 
without  an  added  negatTve  G  strap  provides  less  adequate  impact  protection  than 
the  F/FB-111  restraint  system.  This  conclusion  was  based  on  the  finding  of 
significantly  higher  vertical  and  resultant  seat  loads  in  the  conventional  con¬ 
figuration  than  in  the  F/FB-111  configuration.  Speculation  was  that  these  dif¬ 
ferences  were  due  to  the  presence  of  a  negative  G  strap  in  the  F/FB-111 
configuration.  The  findings  in  the  vertical  test  phase  of  the  present  study 
support  this  speculation,  since  addition  of  the  negative  G  strap  to  the  conven¬ 
tional  configuration  significantly  improves  vertical  impact  protection.  Further 
clarification  of  differences  in  restraint  dynamics  between  the  conventional  and 
F/FB-111  configurations  may  be  achieved  by  additional  vertical  impact  tests  of  a 
single  subject  sample  in  the  F/FB-111  configuration  and  the  conventional  con¬ 
figuration  with  an  added  negative  G  strap. 


C.  TECHNICAL  NOTES 

The  following  technical  notes  concern  the  electronic  data  processing  and  analy¬ 
sis  carried  out  in  this  study.  The  comments  are  intended  to  clarify  modifica¬ 
tions  deliberately  made  to  the  measured  electronic  data  and  to  explain  the 
technique  used  to  analyze  the  load  data. 

Tare  tests  of  both  test  fixtures  were  performed  in  order  to  assess  the  influence 
of  seat  pan  mass  on  the  supporting  load  cells.  The  product  of  the  mass  sup¬ 
ported  by  each  load  cell  and  the  instantaneous  sled  (or  carriage)  acceleration 
was  subtracted  from  the  appropriate  load  cell  data  acquired  during  a  human  test. 
In  this  way,  the  measured  data  were  corrected  for  the  effect  of  seat  pan  mass. 

In  the  forward  facing  tests,  the  horizontal  seat  load  was  corrected  for  tare 
load.  In  the  vertical  tests,  the  vertical  seat  load  was  corrected  for  tare 
load. 
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In  the  horizontal  test  phase,  difficulty  was  encountered  in  the  analysis  of  the 
horizontal  seat  load  data  corrected  for  tare  load.  The  actual  measured  horizon¬ 
tal  seat  load  was  occassionally  smaller  than  and  often  lagged  the  computed  tare 
load  (Figure  7).  The  lag  of  the  measured  load  is  apparently  due  to  a  phase 
shift  between  the  horizontal  sled  acceleration  and  the  measured  horizontal  seat 
load.  However,  the  lower  peak  seat  loads  compared  to  tare  loads  observed  in 
some  tests  has  not  been  explained.  The  difference  between  measured  seat  load 
and  computed  tare  load  yielded  a  corrected  horizontal  seat  load,  which  was  an 
initially  positive  or  upward  going  function  in  virtually  all  cases.  Given  the 
forward  inertial  response  of  the  subject  during  early  impact,  an  initially  posi¬ 
tive  horizontal  seat  load  is  physically  impossible.  In  the  absence  of  a 
reasonable  explanation  for  this  finding,  all  horizontal  seat  load  data  corrected 
for  tare  load,  as  well  as  resultant  seat  load  data,  were  omitted  from  analysis 
in  the  horizontal  test  phase. 


In  the  vertical  test  phase,  of  course,  the  vertical  seat  load  data  were 
corrected  for  tare  load.  A  similar  problem  was  not  apparent  among  these  data, 
possibly  because  the  measured  vertical  seat  loads  were  at  least  an  order  of 
magnitude  greater  than  the  computed  tare  loads. 

Negative  G  strap  data  in  the  vertical  test  phase  were  not  corrected  for  tare 
load.  The  negative  G  strap  was  unloaded  during  carriage  free  fall  and  negative 
tensions  were  recorded  by  the  associated  load  cell,  particularly  in  the  PCU-15/P 
configuration.  This  was  due  to  the  mass  of  the  negative  G  strap  and  attachment 
fitting  acting  on  the  load  cell  during  carriage  free  fall.  The  maximum  negative 
tensions  measured  were  approximately  4  to  6  lb,  which  would  be  expected  for  the 
mass  of  the  strap  and  attachment  fitting. 

The  occurrence  of  a  subject  striking  his  head  against  the  headrest  during  the 
rebound  phase  of  a  forward  facing  impact  was  noted  on  several  occasions  during 
photometric  and  electronic  analog  data  review.  These  headstrikes  were  asso¬ 
ciated  with  relatively  large  increases  in  +X  head  acceleration  well  after  the 
impact,  during  the  rebound  phase.  These  accelerations,  in  fact,  were  often 
larger  than  the  maximum  X  head  acceleration  experienced  during  the  impact  phase 
of  the  experiment.  When  this  occurred,  the  electronic  data  base  was  modified  by 
removing  the  late  spike  in  X  head  acceleration  so  that  the  recorded  maximum  was 
the  value  which  actually  occurred  during  the  impact  phase  of  the  experiment. 

This  assured  that  the  impact  response  values  for  head  X  acceleration  would  be 
comparable.  Comparison  of  impact  values  with  rebound  values  was  thereby 
avoided. 

Behavior  of  the  restraint  strap  loads  during  the  vertical  test  phase  is  worthy 
of  technical  note.  In  both  the  PCU-15/P  and  conventional  configurations,  the 
lap  belt  and  crotch  strap  were  loaded  during  carriage  free  fall,  unloaded  early 
in  the  impact,  and  then  loaded  later  during  the  impact  event.  The  peak  load 
occurring  during  the  free  fall  phase  was  defined  as  the  pre-impact  maximum.  The 
minimum  load  occurring  early  in  the  impact  was  the  impact  minimum.  Finally,  the 
subsequent  peak  load  was  termed  the  impact  maximum.  Shoulder  strap  loads  in  the 
conventional  harness  behaved  in  a  similar  manner,  but  there  was  relatively  less 
unloading  during  early  impact  than  for  the  lap  belt  or  crotch  strap.  The 
shoulder  strap  load  profile  of  the  PCU-15/P  configuration,  however,  did  not  show 
this  biphasic  pattern.  Instead,  these  profiles  were  monophasic,  the  early  mini¬ 
mum  being  absent.  Examples  of  the  recorded  strap  loads  in  the  various  test  con¬ 
ditions  are  presented  in  Appendix  C. 

The  manner  in  which  the  strap  load  and  structural  load  data  were  analyzed  is 
also  noteworthy.  A  formidable  problem  in  interpreting  such  data  is  that  the 
peak  loads  vary  widely  among  subjects.  One  approach  to  minimize  the  differences 
among  subjects  is  to  normalize  the  load  response  data  by,  for  example,  dividing 
the  measured  load  by  subject  weight.  Recently,  our  approach  has  been  to  use  the 
Wilcoxon  paired-replicate  rank  test  so  that  each  subject  may  act  as  his  own 
control  thereby  minimizing  the  effects  of  biological  variability  on  the  data. 
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Although  this  statistical  technique  has  been  shown  to  be  useful,  it  does  not 
take  into  account  the  variations  in  pre-impact  conditions  for  a  single  subject 
from  test  to  test.  For  example,  there  may  be  minor  differences  from  test  to 
test  in  initial  conditions  such  as  body  position,  body  muscle  tension,  and  har¬ 
ness  pretensions.  These  variations  may  substantially  influence  pre-impact  strap 
and  structural  loads  and,  ultimately,  influence  the  magnitude  of  the  impact 
response  values. 

In  order  to  minimize  the  influence  of  initial  condition  variations  on  the 
measured  impact  load  data  in  this  study,  analysis  of  the  difference  between 
impact  and  pre-impact  values  was  accomplished.  Wilcoxon  analyses  of  these  dif¬ 
ferences  obtained  using  immediate  pre-impact  values  or  averages  as  baseline  were 
performed.  (See  also  Section  2C.)  The  results  of  these  analyses  have  already 
been  presented.  However,  additional  Wilcoxon  analyses  were  accomplished  using 
zero  as  baseline.  Comparison  of  the  results  obtained  using  these  two  techniques 
revealed  that  the  former  (pre-impact  baseline)  produced  additional  statistical 
information  not  found  using  the  latter  (zero  baseline)  technique.  Furthermore, 
the  additional  findings  were  valid  with  a  high  degree  of  statistical  confidence 
and  did  not  contradict  the  findings  produced  by  the  other  technique.  For 
example,  in  comparison  E-F,  statistically  significant  increases  in  vertical  and 
resultant  seat  loads  were  found  without  an  added  negative  G  strap  at  the 
90%  confidence  level  when  zero  was  used  as  baseline.  However,  when  the 
immediate  pre-impact  value  was  used  as  baseline,  a  similar  but  larger  percentage 
increase  in  the  parameter  means  was  observed  in  the  same  comparison  at  the  98% 
confidence  level.  The  technique  of  strap  and  structural  load  analysis  developed 
in  this  study,  therefore,  appears  to  be  a  useful  means  of  accommodating 
variations  in  initial  conditions. 


APPENDIX  A 


USE  OF  HUMAN  SUBJECTS 


All  human  volunteer  subjects  who  participated  in  this  test  program  were  members 
of  the  AFAMRL  Impact  Acceleration  Stress  Panel.  This  panel  is  composed  of 
volunteer  active  duty  USAF  members  whose  primary  duties  do  not  involve  par¬ 
ticipation  as  subjects.  Twenty-one  subjects  (20  males  and  1  female)  were  used 
during  this  test  program.  There  were  no  special  technical  qualifications  or 
training  requirements  for  subjects. 

However,  all  subjects  were  qualified  to  participate  only  after  successfully 
completing  an  intensive  medical  screening  evaluation  (Hearon  &  Raddin,  1981). 

This  evaluation  was  directed  by  the  panel  physician  and  consisted  of  medical 
history  screening,  physical  examination,  visual  acuity  testing,  audiometry, 
blood  pressure  measurement,  routine  laboratory  examination  (blood  work  and 
urinalysis),  standard  12-lead  electrocardiogram,  pulmonary  function  tests, 
electroencephalogram,  treadmill  exercise  stress  test,  and  x-rays,  including 
chest,  skull,  and  complete  spine  films.  The  x-rays  were  reviewed  by  the  panel 
physician  in  consultation  with  a  radiologist  (and  orthopedic  surgeon,  as 
necessary)  to  assure  elimination  of  individuals  with  disqualifying  radiographic 
findings.  The  female  subject  had  a  negative  pregnancy  test  documented  and 
underwent  a  pelvic  exam  by  a  gynecologist,  to  assure  there  were  no  gynecologic 
contraindications  to  her  participation.  Relevant  abnormalities  in  any  part  of 
the  medical  evaluation  led  to  elimination  of  the  candidate  or  specialty  con¬ 
sultation  and  further  examination,  as  required.  Annual  requalification  of  panel 
members  was  accomplished  with  a  limited  medical  evaluation,  including  a  physical 
examination  and  other  relevant  medical  tests. 

The  generic  human  use  protocol  under  which  these  Impact  tests  were  conducted  was 
the  AFAMRL  "Generic  Impact  Acceleration  Protocol".  This  document  presented  a 
survey  of  available  human  biodynamic  test  data,  established  broad  generic  expo¬ 
sure  limits  for  human  impact  testing,  and  described  the  generic  medical  risks 
associated  with  such  tests.  Following  review  by  the  AFAMRL  Human  Use  Review 
Conmlttee  (HURC),  the  protocol  was  recomnended  for  approval  by  higher  authority. 
Subsequently,  the  protocol  was  approved  by  AFAMRL /CC  and,  as  SGO  R-82-001,  it 
was  reviewed  and  approved  by  USAF/SG. 

The  specific  human  use  protocols  under  which  these  impact  tests  were  conducted 
were  AFAMRL  Protocol  81-40,  "Evaluation  of  Restraint  Harness  Configuration  During 
-Gx  Impact  Acceleration",  and  AFAMRL  Protocol  82-07,  "Evaluation  of  Restraint 
Harness  Configuration  During  +GZ  Impact  Acceleration".  The  overall  risk  of 
injury  to  human  subjects  was  judged  acceptable  when  compared  to  the  negative  G 
strap  data  base  that  would  be  acquired.  The  protocols  were  reviewed  and  recom¬ 
mended  for  approval  by  the  AFAMRL/HURC  on  5  Nov  81  and  1  Apr  82,  respectively, 
and  were  subsequently  approved  by  AFAMRL/CC. 


Ongoing  Informed  consent  was  provided  by  all  subjects  during  the  test  program 
in  accordance  with  the  guidelines  in  AFR  169-3.  Prior  to  testing,  subjects 
received  a  thorough  briefing  on  the  experimental  procedures  and  potential 


medical  risks  of  participation.  The  subjects  signed  a  witnessed  consent  form 
attesting  to  the  fact  that  a  detailed  briefing  was  received  and  summarizing  Its 
content.  Throughout  the  test  program,  the  medical  investigator  continued  to 
stress  that  any  subject  was  free  to  withdraw  at  any  time  for  any  reason. 

Subject  preparation  was  concurrent  with  preparation  of  the  test  fixture  and 
instrumentation.  Prior  to  every  impact  exposure,  each  subject  provided  a  brief 
interval  medical  history  and  was  physically  examined.  Emphasis  was  placed  on 
neck  or  back  symptoms,  medications,  abnormalities  of  recent  sleep  patterns,  or 
recent  overindulgence  in  food  or  alcoholic  beverages.  No  subject  was  exposed 
with  symptoms  which  may  have  obscured  detection  of  test-related  injury  or  which 
may  have  indicated  predisposition  to  such  injury. 

All  subjects  wore  cut-off,  long  underwear  to  allow  mounting  of  camera  targets 
(fiducials)  and  Instrumentation.  Male  subjects  wore  athletic  supporters.  Each 
subject  was  instructed  to  void  prior  to  entering  the  test  area. 

A  disposable  dental  bite  block  (made  of  Optosil  placed  over  a  stainless  steel 
frame)  was  molded  for  each  subject  prior  to  each  impact  test.  An  electrically- 
isolated  accelerometer  array  was  then  mounted  on  the  metal  frame  of  the  bite 
block.  A  portion  of  the  metal  frame  extended  from  the  mouth  of  the  subject  to 
permit  the  mounting  of  a  photometric  target.  This  permitted  more  precise  quan¬ 
tification  of  subject  head  displacement  and  better  correlation  of  electronic  and 
photometric  data. 

The  medical  instrumentation  of  each  subject  was  standardized  as  follows.  Three 
stick -on  EKG  electrodes  were  placed  on  the  subject,  one  on  the  upper  posterior 
aspect  of  each  arm  and  a  third  on  the  right  lateral  chest,  sixth  intercostal 
space,  mid-axillary  line.  The  snap-on  lead  from  each  of  these  electrodes  was 
plugged  into  a  telemetry  transmitter,  which,  in  turn,  was  strapped  to  the  upper 
arm  of  the  subject.  Continuous  remote  transmission  of  a  single-lead  EKG  to  a 
portable  EKG  machine  located  near  the  testing  area  was  assured  prior  to  each 
impact.  Sitting  and  standing  tracings  were  obtained  immediately  pre-impact  (and 
post-impact)  and  a  continuous  tracing  was  obtained  during  test  countdown  and 
impact.  Coincident  with  EKG  recording,  pretest  (and  post-test)  sitting  and 
standing  blood  pressure  determinations  were  made  for  each  subject  by  the  medical 
technician  using  a  sphygmomanometer.  These  pressures  were  recorded  on  the 
appropriate  EKG  tracing. 

For  vertical  impacts,  the  subject  was  fitted  with  a  USAF  HBU-26/P  flight  helmet. 
Helmets  were  not  used  during  the  horizontal  test  phase,  since  their  use  would 
have  Increased  the  likelihood  of  a  paracervical  muscle  strain.  Prior  to  impacts 
in  either  test  phase,  the  subject  was  seated  in  the  test  fixture  and  asked  to 
exhale.  Then,  the  chest  accelerometer  array  was  secured  against  the  chest  with 
a  Velcro  strap.  The  restraint  harness  was  adjusted  while  the  subject  was  in  a 
fully  upright  position.  The  shoulder  straps  and  lap  belt  straps  were  preten¬ 
sioned  to  20  1  5  lb.  Stick-on  photometric  targets  were  placed  on  the  subject  at 
pre-determi ned  locations  and  the  positions  of  these  targets  relative  to  one 
another  and  to  targets  mounted  on  the  test  fixture  were  measured.  Finally,  the 
shoulder  strap  angles  (relative  to  a  reference  horizontal)  were  measured  with  an 
inclinometer. 


The  subject  was  Instructed  not  to  brace  with  his  upper  extremities  prior  to 
Impact.  He  was  Instructed  to  simply  rest  his  hands  In  his  lap.  The  subject  was 
also  Instructed  to  brace  his  head  against  the  headrest.  In  an  attempt  to  mini¬ 
mize  the  forward  and  downward  displacement  of  his  head  during  the  Impact. 

The  final  pretest  activity  consisted  of  documentation  of  the  test  configuration 
by  still  photographs,  measurement  of  subject  blood  pressure,  evaluation  of  the 
electrocardiographic  tracing  by  the  medical  monitor,  and  final  safety  checks  of 
the  test  equipment  and  facility  by  the  designated  safety  monitor.  For  the  ver¬ 
tical  test  phase,  the  impact  carriage  was  raised  to  the  specified  drop  height, 
the  test  area  was  cleared,  and  after  countdown  the  carriage  was  allowed  to  free 
fall  onto  the  water-filled  brake  to  produce  the  desired  impact.  For  the  hori¬ 
zontal  test  phase,  the  Impulse  accelerator  was  pressurized,  the  test  area  was 
cleared,  and  after  countdown  the  system  was  actuated  to  accelerate  the  sled. 

The  subject  was  provided  with  a  hand-held  switch  which  was  connected  to  the 
Impact  facility  control  system  In  such  a  way  that  the  Impact  could  not  occur 
unless  the  switch  was  depressed.  In  this  manner,  the  subject  was  required  to 
consciously  provide  his  ongoing  informed  consent  throughout  the  immediate  pre¬ 
impact  period  (including  the  countdown)  in  order  for  the  test  to  proceed. 

A  physician  monitor,  who  was  responsible  for  assuring  subject  safety  during 
testing,  was  present  for  each  test  and  reserved  the  right  to  cancel  any  test  at 
any  time  for  any  reason.  Such  reasons  may  have  included  a  recent  history  of 
neck  or  back  strain,  pretest  pre-syncope,  pretest  arrhythmia,  or  any  other  con¬ 
dition  of  the  subject,  equipment,  or  procedure  which  was  deemed  by  the  monitor 
to  place  the  subject  at  undue  risk.  The  medical  monitor  was  provided  a  switch 
similar  In  function  to  the  subject's  switch.  It  had  to  be  depressed  prior  to 
carriage  release  In  order  for  the  test  to  proceed.  Agreement  of  both  the  sub¬ 
ject  and  the  medical  monitor  that  the  test  should  proceed  was  thus  assured. 

During  testing,  an  ambulance  crew  was  alerted  and  standing  by  within  one-half 
mile  of  the  test  facility.  In  addition,  emergency  medical  equipment  was 
arranged  In  the  test  area  for  use  by  the  physician  monitor  In  the  event  of  an 
emergency.  This  equipment  Included  a  defibrillator,  oxygen  equipment,  intuba¬ 
tion  equipment,  IV  solutions  and  equipment,  appropriate  emergency  drugs,  back- 
board,  harness  cutters,  and  bandages. 

Following  the  Impact  exposure,  the  subject  was  released  from  the  harness.  The 
physician  monitor  assured  that  the  subject  was  uninjured.  Post-test  blood 
pressures  and  EKG  (single-lead)  were  obtained  and  a  brief  post-test  physical 
examination  was  accomplished.  The  subject  was  then  provided  with  contacts  to 
obtain  later  medical  care  as  required  or  to  ask  questions  relating  to  his  par¬ 
ticipation.  Impact  exposures  for  each  subject  occurred  no  more  frequently  than 
once  in  any  five-day  period  to  allow  time  for  detection  of  any  occult  injury. 

Anthropometric  measurements  of  all  subjects  participating  in  this  test  program 
were  obtained.  Table  A-l  provides  a  summary  of  selected  anthropometric  values 
for  each  subject.  The  means  and  standard  deviations  computed  from  these  dimen¬ 
sions  compare  favorably  with  the  means  and  standard  deviations  of  the  dimensions 
obtained  from  an  anthropometric  survey  of  USAF  personnel  conducted  in  1967  and 
published  in  AFSC  Design  Handbook  2-2.  Forty-nine  anthropometric  measurements 
of  each  subject  in  this  test  program  were  obtained.  A  collective  anthropometric 
sumnary  of  selected  measurements  is  shown  in  Table  A-2. 
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TABLE  A-l 

INDIVIDUAL  SUBJECT  ANTHROPOMETRY 


SUBJECT 

AGE 

WEIGHT 

STATURE 

SITTING 

HEIGHT 

MID-SHOULDER 
SITTING  HEIGHT 

ID  CODE 

(yrs) 

(lb) 

(in) 

(in) 

(in) 

STD  DEV 


*  Female  subject 


4 

37.1 

26 

0 

36.9 

25 

5 

37.0 

25 

0 

35.7 

25 

TABLE  A- 2 


COLLECTIVE  SUBJECT  ANTHROPOMETRY 


ANTHROPOMETRIC  MEASUREMENT 

MEAN 

STD  DEV 

RANGE 

Weight 

168 

21.5 

115 

_ 

198 

Stature 

69.0 

2.82 

62.0 

- 

73.0 

Cervlcale  Height 

59.1 

2.50 

53.7 

- 

63.8 

Trochanteric  Height 

36.3 

1.81 

32.8 

- 

39.0 

Tlbiale  Height 

18.1 

1.07 

16.1 

- 

19.7 

Chest  Circumference 

38.6 

1.90 

35.2 

- 

42.7 

Waist  Circumference 

33.5 

2.49 

28.4 

- 

38.9 

Buttock  Circumference 

37.9 

1.59 

33.5 

- 

40.9 

Acromlon-Radiale  Length 

12.9 

3.22 

11.3 

- 

13.9 

Radiale-Stylion  Length 

10.5 

0.60 

9.2 

- 

11.7 

Sitting  Height 

36.5 

1.35 

32.8 

- 

39.1 

Mid-Shoulder  Sitting  Height 

25.5 

1.24 

22.4 

- 

27.2 

Buttock-Knee  Length 

24.0 

1.14 

21.8 

- 

26.3 

Knee  Height,  Sitting 

21.7 

1.12 

19.3 

- 

23.5 

Head  Length 

7.8 

0.28 

7.2 

- 

8.2 

Head  Breadth 

6.0 

0.21 

5.7 

- 

6.5 

Head  Circumference 

22.5 

0.65 

21.1 

- 

23.5 

Hip  Breadth,  Sitting 

14.5 

0.79 

12.7 

- 

15.9 

APPENDIX  B 


TEST  FACILITIES  AND  DATA  ACQUISITION 


Under  contract  F33615-79-C-0523,  Dynalectron  Corporation  instrumented  two  text 
fixtures,  a  40  G  seat  fabricated  by  Production  Design  Services,  Inc.  and  a  VIP 
seat  fabricated  by  the  4950th  Test  Wing,  and  collected  data  from  a  series  of 
human  impact  tests  conducted  on  the  Horizontal  Impulse  Accelerator  and  the 
Vertical  Deceleration  Tower  test  facilities.  The  following  describes  the  test 
facilities,  equipment,  and  procedures  used  to  acquire  and  process  the  test  data 
from  these  experiments. 

IMPACT  TEST  FACILITIES 

The  horizontal  phase  of  this  study  was  conducted  on  the  Impulse  Accelerator. 
Figure  B-l  shows  the  three  major  components  of  this  facility:  the  HYGE 
actuator,  the  sled,  and  the  track  rails.  The  energy  required  to  produce  the 
impact  acceleration  is  generated  within  the  HYGE  actuator  cylinder  (Figure  B-2) 
by  means  of  differential  gas  pressures  acting  upon  a  thrust  piston.  This  thrust 
piston  is  attached  to  a  thrust  column  assembly  which  is  used  to  impact  the  sled. 
As  pressure  moves  the  thrust  assembly,  the  sled  is  accelerated  from  an  initial 
stationary  position  to  a  predetermined  acceleration  level  and  is  then  allowed  to 
decelerate  by  coasting  or  by  brake  application.  Various  acceleration  profiles 
may  be  obtained  by  changing  the  differential  pressures,  the  travel  length  of  the 
thrust  assembly,  and  the  metering  structure  on  the  thrust  piston.  The  sled 
glides  along  the  track  rails  on  twelve  glide  pads.  The  sled  braking  system  con¬ 
sists  of  caliper  brakes  which  grip  the  track  rails  when  activated  by  a 
compressed  nitrogen  gas  power  source.  The  track  rails  are  1  inch  thick  and  the 
total  track  length  is  240  feet. 

The  vertical  phase  of  this  study  was  conducted  on  the  Vertical  Deceleration 
Tower,  shown  in  Figure  B-3.  The  facility  consists  of  a  60  ft  high  steel  tower, 
which  supports  a  guide  rail  system,  an  impact  carriage,  a  hydraulic  deceleration 
device  and  a  test  control  and  safety  system.  The  impact  carriage  used  to  carry 
the  test  specimen  can  be  raised  to  a  height  of  up  to  42  ft  prior  to  release. 
After  release,  the  carriage  free  falls  until  a  plunger  attached  to  the  carriage 
enters  a  water-filled  cylinder  mounted  at  the  base  of  the  tower.  The  decelera¬ 
tion  profile  produced  as  the  plunger  displaces  the  water  in  the  cylinder  is  a 
function  of  the  free  fall  distance,  the  carriage  and  test  specimen  mass,  the 
shape  of  the  plunger,  and  the  diameter  of  the  cylinder  orifice. 

INSTRUMENTATION 

The  electronic  data  collected  during  this  test  program  included  impact  sled 
(or  carriage)  acceleration  and  velocity,  test  fixture  loads  and  acceleration, 
restraint  harness  loads,  and  subject  head  and  chest  accelerations.  Sled  (or 
carriage)  acceleration  was  measured  using  three  miniature,  piezoresistive 
accelerometers  mounted  to  these  structures.  The  test  fixtures  were  instrumented 
to  measure  forces  reacted  into  the  seat  by  the  subject.  Loads  in  the  restraint 
system  were  measured  by  tri axial  load  cells  located  at  the  restraint  harness 
attachment  fittings.  Triaxial  translational  accelerometer  arrays  were  used  to 
measure  accelerations  on  the  head  and  chest  of  the  subject. 
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The  measurement  transducers  used  in  the  horizontal  test  phase  are  listed  in 
Table  B-l  and  those  used  in  the  vertical  test  phase  are  shown  in  Table  B-2. 

These  tables  designate  the  manufacturer,  type,  serial  number,  sensitivity,  and 
other  pertinent  data  on  each  transducer  used. 

Twelve  accelerometers  were  configured  in  groups  of  three  to  create  four 
tri axial  measurement  packages.  Each  tri axial  package  measured  accelerations 
in  the  X,  Y  and  Z  axes.  The  acceleration  coordinate  system  is  shown  in 
Figure  B-4.  Accelerometers  were  wired  to  produce  a  positive  output  voltage 
when  accelerations  were  applied  in  the  +X,  +Y  or  +Z  directions,  as  shown. 

The  head  accelerometer  package  was  designed  to  be  held  in  the  subject's  mouth. 

It  consisted  of  three  Endevco  Model  2264  accelerometers  mounted  to  a  plastic 
block  and  covered  with  medical-grade  silicone  rubber  sealant.  This  created  a 
small  electrically  isolated  package  measuring  approximately  9/16  x  9/16  x  1 
inch,  with  three  cables  extending  from  the  front  of  the  block.  The  50-gram 
accelerometer  package  was  then  mounted  to  a  special  dental  bracket,  which  was 
custom  fitted  for  each  subject. 

The  chest  accelerometer  package  consisted  of  three  Endevco  Model  2264  accelero¬ 
meters  mounted  to  a  1/2  x  1/2  x  1/2  inch  aluminum  block.  The  block  was  inserted 
into  an  aluminum  protective  shield  to  which  a  length  of  Velcro  fastener  strap 
was  attached.  The  package  was  placed  over  the  subject's  sternum  at  the  level  of 
the  xiphoid  process  and  was  held  there  by  fastening  the  Velcro  strap  around  the 
subject's  chest. 

The  seat  accelerometer  package  consisted  of  three  Endevco  Model  2264  accelerome¬ 
ters  mounted  to  a  3/4  x  1  x  1  inch  plastic  block.  The  accelerometer  package  was 
mounted  to  the  load  cell  plate  beneath  the  seat,  as  shown  in  Figure  B-5. 

The  horizontal  sled  and  vertical  carriage  accelerometer  packages  each  consisted 
of  two  Endevco  Model  2264  and  one  Endevco  Model  2262  accelerometers  mounted  to  a 
3/4  x  1  x  1  inch  block.  An  aluminum  block  was  used  for  the  sled  package  and  a 
plastic  block  was  used  for  the  carriage  package.  The  sled  accelerometer  package 
was  mounted  to  the  undersurface  of  the  sled.  The  carriage  accelerometer  package 
was  mounted  to  the  back  of  the  seat  fixture,  aft  of  and  below  the  seat. 

A  Globe  Industries  tachometer  was  used  to  measure  sled  (or  carriage)  velocity. 

An  aluminum  wheel,  with  a  rubber  0-ring  around  its  circumference  to  assure  good 
rail  contact,  was  attached  to  the  rotor  of  the  tachometer.  The  wheel  contacted 
the  track  rail  and  rotated  as  the  sled  (or  carriage)  moved,  producing  an  output 
voltage  proportional  to  the  velocity. 

The  seat  instrumentation  consisted  of  three  load  links  for  measuring  loads  in 
the  X  and  Y  directions.  Two  load  links  measured  X  axis  loads  and  one  measured  Y 
axis  loads  (Figure  B-5).  Each  load  link  was  instrumented  with  Micro  Measure¬ 
ments  strain  gages,  as  shown  in  Figure  B-6.  Also,  each  load  link  end  housed  a 
swivel  ball  which  acted  as  a  coupler  between  the  seat  and  the  load  cell  mounting 
plate.  The  seat  load  instrumentation  and  coordinate  system  for  the  horizontal 
test  phase  (Figure  B-7)  and  for  the  vertical  test  phase  (Figure  B-8)  show  the 
locations  of  the  load  cells  and  load  links. 
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Figure  B-4.  Accelerometer  Coordinate  System 


Seven  load  cells  were  required  to  instrument  each  test  fixture.  Three  triaxial 
GM  load  cells  were  used  to  measure  the  shoulder  strap  load  and  the  right  and 
left  lap  belt  loads.  The  negative  G  strap  was  attached  to  a  Strainsert  load 
cell.  Three  Strainsert  load  cells  were  used  to  measure  the  center,  left,  and 
right  seat  loads  in  the  Z  axis. 

Pre-program  and  post-program  calibrations  were  made  to  check  the  accuracy  of  the 
data  measuring  transducers.  The  calibration  of  all  Strainsert  load  cells  was 
performed  by  the  Precision  Measurements  Equipment  Laboratories  (PMEL), 
Wright-Patterson  Air  Force  Base.  PMEL  calibrated  these  devices  on  a  periodic 
basis  and  provided  current  sensitivity  and  linearity  data. 

The  load  links  and  GM  load  cells  were  calibrated  by  Dynalectron  Corporation. 
These  transducers  were  calibrated  to  a  laboratory  standard  load  cell  in  a 
special  test  fixture.  The  sensitivity  and  linearity  of  each  test  load  cell  were 
obtained  by  comparing  the  output  of  the  test  load  cell  to  the  output  of  the 
laboratory  standard  under  identical  loading  conditions.  The  laboratory  standard 
load  cell,  in  turn,  is  calibrated  by  PMEL  on  a  periodic  basis. 

The  calibration  of  the  accelerometers  was  performed  by  Dynalectron  Corporation 
using  the  reciprocity  method  (Ensor,  1970).  A  laboratory  standard  accelerometer 
calibrated  on  a  yearly  basis  by  Endevco  with  standards  traceable  to  the  National 
Bureau  of  Standards,  and  a  test  accelerometer  were  mounted  on  a  shaker  table. 

The  frequency  response  and  phase  shift  of  the  test  accelerometer  were  determined 
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Figure  B-6.  Load  Link  Instrumentation 


by  driving  the  shaker  table  with  a  random  noise  generator  and  analyzing  the  out 
puts  of  the  accelerometers  with  a  POP  11/15.  computer  and  1923  Time  Data  Unit 
using  Fourier  analysis.  The  natural  frequency  and  the  damping  factor  of  the 
test  accelerometer  were  determined,  recorded,  and  compared  to  previous  calibra¬ 
tion  data  for  that  test  accelerometer.  Calibrations  were  made  at  40  G  and  100 
Hertz.  The  sensitivity  of  the  test  accelerometer  was  determined  by  comparing 
its  output  to  the  output  of  the  laboratory  standard  accelerometer. 


The  velocity  wheel  was  calibrated  by  rotating  the  wheel  at  various  revolutions 
per  minute  (RPM)  and  recording  both  the  output  voltage  and  the  RPM.  The  sen¬ 
sitivity  was  dynamically  checked  with  a  G-HI  measuring  system.  This  system  con 
slsts  of  a  timing  unit  and  an  optical  sensor  mounted  near  the  track  rails.  As 
the  sled  (or  carriage)  travels  along  the  track  rails,  a  metal  blade  on  the  sled 
(or  carriage)  interrupts  the  optical  sensor  beam.  The  timing  unit  displays  a 
time  which  may  be  correlated  to  a  velocity. 
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Figure  B-7.  Seat  Load  Instrumentation  Coordinate  System 
for  the  Horizontal  Test  Phase 
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Figure  B-8.  Seat  Load  Instrumentation  Coordinate  System 
for  the  Vertical  Test  Phase 


AUTOMATIC  DATA  ACQUISITION  AND  CONTROL  SYSTEM  (ADACS) 


The  ADACS,  which  was  mounted  to  the  sled  (or  carriage),  consists  of  three  major 
components:  the  power  conditioner,  the  signal  conditioner,  and  the  encoder. 

The  operation  of  the  ADACS  Is  outlined  In  Figure  B-9.  The  power  conditioner 
receives  28  VDC  via  the  whip  cable  and  provides  six  regulator  voltages.  The 
signal  conditioner  contains  48  modules  capable  of  processing  sensor  data.  Each 
module  has  an  amplifier  and  filter  section.  Each  amplifier  can  be  programmed 
for  one  of  seven  gains  by  means  of  external  gain  plugs.  Each  filter  can  be 
programed  for  one  of  four  filter  frequencies  by  means  of  external  filter  plugs. 

Each  module  provides  +5  and  +10  VDC  for  transducer  excitation  and  +2.5  VDC  for 
output  signal  offset.  If  necessary.  Bridge  completion  and  balance  resistors  can 
be  added  to  the  module  Input  connector.  If  necessary.  The  48  module  output 
signals  are  digitized  via  the  Pulse  Code  Modulation  (PCM)  encoder  Into  48  11-bit 
digital  words.  Two  additional  11-bit  synchronization  (sync)  words  are  added  to 
the  data  frame.  This  50-word  data  frame  Is  then  sampled  at  a  rate  of  1000 
samples  per  second.  Three  synchronization  pulse  trains  (bit  sync,  word  sync  and 
frame  sync)  are  added  to  the  word  frame  and  sent  to  the  computer  via  the  junc¬ 
tion  box  and  whip  cable. 

The  PDP  11/34  mini-computer  receives  serial  data  from  the  ADACS.  The  serial 
data  coming  from  the  sled  (or  carriage)  are  converted  to  parallel  data  in  the 
data  formatter.  The  data  formatter  deposits  data  into  the  computer  memory  via 
the  buffered  data  channel  where  data  are  stored  on  disk  temporarily  and  later 
are  transferred  to  magnetic  tape  for  permanent  storage.  The  interrelationships 
among  the  data  acquisition  and  storage  equipment  are  shown  in  Figure  B-10. 

Test  data  could  be  reviewed  immediately  after  each  test  by  using  the  “Quick 
Look"  CHAN  routine.  CHAN  may  be  used  to  produce  a  plot  of  the  data  stored  on  any 
channel  as  a  function  of  time.  The  routine  determines  the  minimum  and  maximum 
values  of  any  data  plot.  It  may  also  be  used  to  calculate  velocity  by  integrat¬ 
ing  sled  (or  carriage)  acceleration. 

The  effect  of  seat  pan  mass  was  accounted  for  by  performing  a  series  of  tare 
tests  (no  subject)  and  determining  the  percentage  of  seat  pan  load  on  each  load 
transducer.  For  human  tests,  this  percentage  was  multiplied  by  the  product  of 
the  seat  pan  mass  and  acceleration.  The  resultant  value  was  then  subtracted 
from  the  dynamically  acquired  test  data  to  reflect  actual  subject  loads. 
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Figure  B-10.  Data  Acquisition  and  Storage 
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PHOTOMETRIC  DATA  ACQUISITION  SYSTEM 

Two  high-speed  16  mu  cameras  (Teledyne  Mil  liken.  Model  DBM45),  operating  at  500 
frames  per  second,  were  used  to  produce  the  photometric  data.  These  units  were 
hardened  to  withstand  a  25  G  impact.  The  cameras  were  mounted  on  the  sled  (or 
carriage)  to  provide  adequate  coverage  of  the  subject  during  the  impact.  The 
cameras  were  automatically  started  at  a  preset  time  in  the  test  sequence  by  a 
signal  from  the  Camera  and  Lighting  Control  Station. 

Motion  of  the  subject's  head,  shoulders,  arms,  legs,  and  chest  were  quantified 
by  tracking  the  motion  of  subject-mounted  fiducials.  Reference  fiducials  were 
placed  on  the  test  fixture.  The  fiducial  consisted  of  a  3/4  inch  diameter 
black  circle  printed  on  a  1  1/4  inch  diameter  while  target.  The  locations  of 
the  fiducials  generally  followed  the  guidelines  provided  in  "Film  Analysis 
Guides  for  Dynamic  Studies  of  Test  Subjects,  Recommended  Practice"  (SAE  J138, 
March  1980). 

The  photometric  data  were  time  correlated  with  the  impact  event.  Immediately 
prior  to  impact,  an  event  signal  triggered  the  flash  unit  to  mark  the  camera 
film  frame.  At  that  time,  a  100  PPS  signal  activated  the  Camera  L.E.D.  Driver 
which  pulsed  the  camera  L.F.D.,  producing  a  time  mark  at  the  film  edge.  This 
reference  mark  was  then  used  to  correlate  the  photometric  data  with  the  elec¬ 
tronically  measured  data. 

The  photometric  data  were  processed  on  the  Automatic  Film  Reader  (AFR)  system, 
shown  schematically  in  Figure  B-ll.  The  fiducial  tracking  routine  is  initiated 
via  the  Data  General  terminal.  The  tracking  routine  is  booted  from  a  floppy 
disk  into  the  Nova  3/12  memory.  The  system  is  capable  of  tracking  fiducials 
manually  or  automatically.  The  Nova  3/12  outputs  an  X-Y  film  coordinate  posi¬ 
tion  to  magnetic  tape  for  each  fiducial  being  tracked.  Data  are  then  trans¬ 
ferred  from  magnetic  tape  to  the  DEC  PDP  11/34  disk  file.  The  disk  file  is  then 
reformatted  for  CDC  Cyber  74  compatibility  and  written  to  another  magnetic  tape. 

An  Instant  Analytical  Replay  (INSTAR)  video  system  was  also  used  to  provide  pho¬ 
tometric  coverage  of  each  experiment.  This  video  recorder  and  display  unit  is 
capable  of  recording  high-speed  motion  at  a  rate  of  120  frames  per  second. 
Immediate  replay  of  the  impact  is  possible  in  real  time  or  in  slow  motion. 
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APPENDIX  C 


SUMMARY  OF  ELECTRONIC  DATA 


Means  and  estimated  standard  deviations  of  all  measured  and  computed  response 
parameters  in  each  test  condition  are  presented  in  this  appendix.  Data  from  the 
horizontal  test  phase  are  shown  in  Table  C-l  and  data  from  the  vertical  test 
phase  are  shown  in  Table  C-2. 

An  individual  data  surrmary  for  each  experimental  level  test  is  also  provided. 

On  each  individual  summary,  the  test  phase  and  number,  the  subject  identifica¬ 
tion  code  and  weight,  and  the  test  condition  or  cell  are  identified.  The  impact 
maximum  and  impact  minimum  values  of  each  response  parameter  are  specified.  The 
corresponding  times  at  which  these  values  occurred  are  also  given  in  milli¬ 
seconds. 

All  times  may  be  referenced  to  the  impact  start  time.  During  the  horizontal 
test  phase,  the  impact  start  time  was  defined  as  the  time  at  which  the  sled 
acceleration  exceeded  0.5  G  and  remained  above  0.5  G  for  at  least  5  consecutive 
msec  subsequent  to  that  time.  During  the  vertical  phase,  the  impact  start  time 
was  defined  as  the  time  at  which  the  largest  negative  carriage  velocity 
(minimum)  occurred.  In  addition,  a  time  known  as  the  “reference  mark"  was 
used  to  synchronize  the  electronic  and  photometric  data. 

Pre-impact  load  data  are  also  presented.  For  the  horizontal  tests,  a  pre-impact 
average  of  these  values  taken  over  the  25  milliseconds  iirmediately  preceding  the 
impact  is  given.  For  the  vertical  tests,  a  maximum  value  of  the  parameter 
occuring  during  carriage  free  fall  and  the  corresponding  time  that  value 
occurred  are  given.  These  served  as  baseline  values  for  analysis  of  the  data 
collected  during  the  impact. 

The  smoothed  sled  (and  carriage)  acceleration  was  obtained  using  a  point  moving 
average  method.  Sled  (and  carriage)  velocity  was  measured  by  tachometer  and  was 
also  computed  by  integrating  the  sled  (and  carriage)  acceleration.  Head  and 
chest  Severity  Indices  were  calculated  using  the  method  described  by  Gadd  (1966). 

Component  strap  loads  were  measured  at  the  strap  attachment  fitting.  Resultant 
loads  were  obtained  by  continuously  summing  load  components.  Total  lap  belt 
load  was  obtained  by  summing  the  right  and  left  resultant  lap  belt  loads.  For 
the  vertical  tests,  vertical  seat  loads  were  corrected  for  tare  load. 

In  addition,  a  typical  set  of  graphic  data  from  each  test  condition  is  pre¬ 
sented.  To  permit  comparability  among  these  data,  test  results  of  the  same 
subject  are  shown  in  each  test  condition. 

The  electronic  data  from  this  study  will  be  stored  on  magnetic  tape  in  the 
Biomechanical  Protection  Branch  until  this  work  unit  is  retired.  Ultimately, 
these  data  may  be  recorded  in  a  permanent  biodynamic  data  base  within  AFAMRL. 


TR8LE  C-l 


MEANS  AND  STANDARD  DEVIATIONS  OF 
ELECTRONICALLY  MEASURED  AND  COMPUTED  DATA 
FROM  HORIZONTAL  TEST  PHASE 

(PEAK  VALUES  ARE  TABULATED  FOR  VELOCITY.  ACCELERATIONS  AND  LOADS.) 


TEST  CONDITION 
RESTRAINT  HARNESS 
NEGATIVE  G  STRAP 


SLED  X  ACCELERATION  (G) 

SLED  VELOCITY  (FT/SECI 

SEAT  X  ACCELERATION  IG) 

CHEST  ACCELERATION  (G) 
-X  AXIS 
*2  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (G) 

-X  AXIS 
-Z  AXIS 
RESULTANT 

HEAD  SEVERITY  INDEX 

STRAP  LOAD  (LB) 

TOTAL  SHOULDER  STRAPS 
TOTAL  LAP  BELT 
NEGATIVE  G  STRAP 

VERTICAL  SEAT  LOAD  (LB) 


TEST  CONDITION 
RESTRAINT  HARNESS 
NEGATIVE  G  STRAP 


SLED  X  ACCELERATION  (G) 

SLED  VELOCITY*  (FT/SECI 

SEAT  X  ACCELERATION  IG) 

CHEST  ACCELERATION  (G) 
-X  AXIS 
*Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INOEX 

HEAD  ACCELERATION  (G) 

-X  AXIS 
-Z  AXIS 
RESULTANT 

HERO  SEVERITY  INOEX 

STRAP  LOAD  (LB! 

TOTAL  SHOULDER  STRAPS 
TOTAL  LHP  BELT 
NEGATIVE  G  STRAP 

VERTICAL  SEAT  LOAD  (LBI 


A 

PCU-I5/P 

NO 

(N  =  16) 


MEAN 

ST  DEV 

-9.50 

0.10 

-30.2 

0.20 

-9.92 

0.13 

-20.8 

5.19 

15.3 

3.91 

24.6 

4.94 

66.5 

17.4 

-13.6 

2.65 

-12.0 

4.17 

17.5 

4.  13 

63.7 

15.7 

675 

115 

1930 

276 

1490 

232 

C 

CONVENTIONAL 

NO 

(N  = 

18) 

MEAN 

5T  DEV 

-9.47 

0.08 

-30.2 

0.  17 

-9.90 

0.1  1 

-13.0 

1.13 

1 J.  1 

4.63 

16.1 

2.23 

36.8 

8.51 

-14.3 

2.81 

-9.26 

4.05 

16.7 

3.59 

55.8 

20.4 

621 

301 

1690 

205 

1340 

2D0 

81 


B 

PCU-15/P 

YES 


(N  =  15) 


MEAN 

ST  DEV 

-9.50 

0.09 

-30.  1 

0.21 

-9.94 

0.10 

-22.2 

4.89 

16.  1 

4.82 

25.6 

5.16 

71.1 

19.2 

-13.2 

3.23 

-11.0 

5.07 

16.7 

4. 30 

55.3 

17.4 

700 

91 

2080 

348 

136 

50  ‘ 

1530 

279 

0 

CONVENTIONAL 

YES 

(N  = 

18) 

MEAN 

ST  DEV 

-9.46 

0.07 

-30.2 

0.  16 

-9.89 

0.06 

-16.2 

2.36 

9.  78 

2.27 

17.3 

2.  14 

42.  3 

7.  12 

-14.4 

3.75 

-3  1.2 

5.54 

17.6 

5.42 

60.  8 

22.  8 

728 

325 

1860 

280 

216 

78 

1530 

303 

•  ,  < 

•V« 

-\n 
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.  * 
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TABLE  C-2 


MEANS  AND  STANDARD  DEVIATIONS  OF 
ELECTRONICALLY  MEASURED  AND  COMPUTED  DATR 
FROM  VERTICAL  TEST  PHASE 

(PEAK  VALUES  ARE  TABULATED  FOR  VELOCITY.  ACCELERATIONS  AND  LOADS.) 


TEST  CONDITION 
RESTRAINT  HARNESS 
NEGATIVE  G  STRAP 


PCU-15/P 

NO 


PCU-15/P 

YES 


CARRIAGE  Z  ACCELERATION  (G) 

CARRIAGE  VELOCITY  (FT/SEC) 

SEAT  Z  ACCELERATION  (G) 

CHEST  ACCELERATION  (G) 

-X  AXIS 
+X  AXIS 
+Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HERO  ACCELERATION  (G) 

-X  AXIS 
+X  AXIS 
+Z  AXIS 
RESULTANT 

HEAD  SEVERITY  INDEX 

FREE  FALL  STRAP  LOADS  ILB) 
TOTAL  SHOULDER  STRAP 
TOTAL  LAP  BELT 
NEGATIVE  G  STRAP 

IMPACT  STRAP  LOADS  (LB) 
TOTAL  SHOULDER  STRAPS 
TOTAL  LAP  BELTS 
NEGATIVE  G  STRAP 

FREE  FRLL  SEAT  LOADS  (LB) 
♦Z  AXIS 
RESULTANT 

IMPACT  SEAT  LOADS  (LB) 

-X  AXIS 
*Z  AXIS 
RESULTANT 


(N  - 

16) 

MEAN 

ST  DEV 

9.93 

0.05 

-26.2 

0.11 

10.9 

0.15 

-1.10 

0.75 

2.51 

1.55 

19.5 

2.20 

19.8 

2.11 

37.3 

4.4B 

-1.18 

0.94 

3.29 

1.49 

12.8 

1.37 

13.3 

1.24 

23.3 

1.98 

66 

23 

264 

66 

10B 

30 

110 

41 

243 

49 

246 

50 

-67 

23 

2040 

238 

2040 

238 

MEAN 

ST  DEV 

9.94 

0.07 

-26.3 

0.13 

10.9 

0.20 

-1.00 

0.58 

2.49 

1.35 

18.7 

2.50 

19.0 

2.47 

35.4 

4.73 

-1.25 

0.88 

2.98 

1.60 

12.5 

0.93 

13.0 

0.89 

22.0 

1.92 

75 

30 

247 

66 

80 

32 

108 

31 

90 

28 

41 

17 

281 

70 

283 

69 

-73 

24 

1960 

256 

1960 

256 

TABLE  C-2  (CONTINUED) 


MEANS  AND  STANORRD  DEVIATIONS  OF 
ELECTRONICALLY  MEASURED  AND  COMPUTED  DATA 
FROM  VERTICAL  TEST  PHASE 

(PEAK  VALUES  ARE  TABULATED  FOR  VELOCITY.  ACCELERATIONS  AND  LOADS.) 


*  \ 


TEST  CONDITION 
RESTRAINT  HARNESS 
NEGATIVE  G  STRAP 


CARRIRGE  Z  ACCELERATION  (Gl 

CARRIAGE  VELOCITY  (FT/SEC) 

SEAT  2  ACCELERATION  (G) 

CHEST  ACCELERATION  (G) 

-X  AXIS 
♦X  AXIS 
♦Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HERO  ACCELERATION  (G) 

-X  AXIS 
♦X  AXIS 
♦Z  AXIS 
RESULTANT 

HEAO  SEVERITY  INDEX 

FREE  FALL  STRAP  LOADS  (LB) 
TOTAL  SHOULDER  STRAP 
TOTAL  LHP  BELT 
NEGATIVE  G  STRAP 

IMPACT  STRAP  LOADS  (LB) 
TOTAL  SHOULDER  STRAPS 
TOTAL  LAP  BELTS 
NEGATIVE  G  STRAP 

FREE  FALL  SEAT  LOADS  (LB) 

♦Z  AXIS 
RESULTANT 

IMPACT  SEAT  LOADS  (LB) 

-X  AXIS 
+2  AXIS 
RESULTANT 


HORI ZONTAL  TEST  PHASE 


TESTi  2092 


SUB J :  B-2 


NT i  188.0 


CELL:  A 


PARAMETER 

PREIMPACT 

AVERAGE 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

SLED  ACCELERATION  (G) 

X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 

Z  AXIS 

SLED  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (Gl 

X  AX  I  S 

X  AXIS  ISMOOTHEDI 

Y  AXIS 

Z  AXIS 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

HERO  ACCELERATION  (G) 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

60.  17 
2.57 
18.  78 
63.  13 

LEFT  LAP  LOADS  (LB  1 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

25.  51 
8.61 
36.  82 
45. 66 

RIGHY  LRP  LORDS  (LB) 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

20.19 
5.51 
31.80 
38.  14 

TOTAL  LAP  LORO  (LB) 

83.  81 

SEAT  LINK  LOADS  (LB) 

Y  AXIS  (CENTER) 

41.95 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 
l  AXIS  (CENTER) 

Z  AXIS  (SUM) 

12.61 
31.41 
161.75 
205. 77 

IMPACT 

TIME 

IMPACT 

TIME 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

232 

289 

0.61 

480 

-9.  39 

335 

0.48 

461 

-9.33 

337 

0.49 

343 

.-0.  60 

534 

2.01 

U59 

0.18 

339 

0.  DO 

263 

-29. 65 

430 

0.21 

261 

-29.94 

467 

0.75 

448 

-10.03 

341 

0.  64 

447 

-9.80 

340 

0.86 

473 

-0.  64 

468 

2.84 

345 

-0.91 

340 

7.54 

485 

-18.92 

366 

0.  52 

367 

-2.  93 

473 

1  7. 83 

369 

-3.58 

525 

25.  84 

367 

0.  53 

537 

70.  41 

2.  17 

512 

-13.01 

415 

1.12 

563 

-1.54 

429 

3.  05 

503 

-12.12 

380 

15.82 

379 

O’.  S3 

812 

59.50 

712.61 

373 

6.96 

497 

34.41 

377 

-12.27 

582 

243.69 

372 

-4.48 

481 

753.02 

3  75 

8.  76 

497 

675.  17 

358 

14.06 

821 

181.21 

358 

5.28 

235 

694. 33 

360 

28.  85 

475 

983.60 

360 

40.02 

476 

639. 98 

362 

14.57 

259 

189.71 

364 

0.  69 

268 

728.86 

366 

25.  IS 

290 

986.82 

364 

34.02 

243 

1967. 23 

363 

74.57 

477 

61.08 

368 

-36.71 

796 

484. 28 

371 

-13.71 

462 

468. 75 

369 

-4.  70 

519 

841.33 

361 

91.47 

534 

1774.46 

368 

95.  94 

532 

84 


HORIZONTAL  TEST  PHASE 


TESTi  2132 


SUBJs  B-l 


HT  s  150.0 


CELL:  A 


PREIMPACT 

PARAMETER  AVERAGE 


REFERENCE  MARK 
TIME  OF  IMPACT  START 

SLED  ACCELERATION  (C) 

X  AXIS 

X  AXIS  (SMOOTHED) 

r  axis 

Z  AXIS 

SLED  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (G) 

x  Axis 

X  AXIS  (SMOOTHEOl 
T  AXIS 
Z  AXIS 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HEAO  ACCELERATION  (Gl 
X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITY  INDEX 
SHOULDER  STRAP  LOADS  (LB) 


X  AXIS 

22.65 

T  AXIS 

1.16 

Z  AXIS 

10.27 

RESULTANT 

2U.99 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

27.83 

T  AXIS 

11.87 

Z  AXIS 

37.02 

RESULTANT 

17.  86 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

23.  96 

T  AXIS 

12.84 

Z  AXIS 

31.60 

RESULTANT 

41.77 

TOTAL  LAP  LOAD  (LB) 

89.63 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

-55.75 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

24 .  IB 

Z  AXIS  (RIGHT) 

6.28 

Z  AXIS  (CENTER) 

121.77 

Z  AXIS  (SUM) 

152.24 

IMPACT  TIME  IMPACT  TIME 


MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

170 

235 

0.59 

387 

-9.  70 

287 

0. 44 

388 

-9.  61 

266 

0.48 

287 

-0.27 

480 

2.  16 

404 

-0.  14 

283 

0.01 

200 

-30. 14 

383 

0.21 

174 

-30. 42 

4  06 

0.  70 

390 

-10. 23 

285 

0.  60 

390 

-10.00 

285 

0.  73 

417 

-0.  62 

341 

2.  92 

289 

-1.15 

283 

7.  39 

422 

-22. 93 

310 

2.53 

299 

-2.  58 

425 

17.  93 

306 

-2.  98 

451 

2B.  51 
77. 69 

309 

0.  84 

472 

1 . 27 

491 

-14.93 

318 

1.25 

313 

-1.18 

460 

4.65 

408 

-17. 90 

314 

23.  05 
63.42 

315 

0.26 

206 

560.60 

335 

-4.70 

471 

29.  49 

299 

-13. 78 

366 

211.33 

313 

-7.64 

456 

595.02 

33S 

2.  23 

450 

586.22 

304 

6.51 

729 

189.96 

306 

5.  82 

737 

573.30 

302 

13.43 

770 

841.41 

304 

21.47 

770 

578. 14 

304 

10.  50 

409 

241.86 

303 

4.62 

755 

602.03 

303 

19.  37 

732 

867.34 

303 

30.  77 

732 

1708. 65 

304 

56.44 

770 

1.68 

296 

-99.85 

417 

218.20 

302 

-14.80 

.726 

318. 89 

314 

-8.  89 

572 

821.56 

303 

87.  19 

436 

1 322. 22 

303 

83.  37 

440 

HORIZONTAL  TEST  PHASE 


TEST:  2160 


SUB J :  B-3 


WT:  181.0 


CELL:  A 


PREIMPACT 

IMPACT 

TIME 

IMP  AC  1 

PARAMETER 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

174 

244 

SLED  ACCELERATION  (G) 

X  AXIS 

0.  65 

398 

-9.  57 

X  AXIS  (SMOOTMEO) 

0.  51 

400 

-9.53 

T  AXIS 

0.  49 

298 

-0. 62 

Z  AXIS 

2.  31 

416 

0.  00 

SLED  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.  01 

234 

-29. 90 

TACHOMETER  (MEASURED) 

0.  17 

197 

-30. 05 

SEAT  ACCELERATION  (G)  .  _  _ 

X  AXIS 

0.  80 

404 

-10.28 

X  AXIS  (SMOOTHED) 

0.  63 

403 

-9.  98 

T  AXIS 

-0.  04 

430 

-1.48 

Z  AXIS 

3.  57 

542 

-1.40 

CHEST  ACCELERATION  (G) 

X  AXIS 

6.  83 

445 

-16.42 

T  AXIS 

0.  66 

334 

-3.  00 

Z  AXIS 

15.01 

323 

-3. 56 

RESULTANT 

CHEST  SEVERITY  INDEX 

20.  53 
53.22 

322 

0.  14 

HERO  ACCELERATION  IG) 

X  AXIS 

4.  18 

4  49 

-11.81 

T  AXIS 

1.36 

310 

-1.60 

Z  AXIS 

ID.  39 

444 

-6.  33 

RESULTANT 

HEAD  SEVERITY  INDEX 

12.31 
42.  99 

334 

0.47 

SHOULDER  STRAP  LOADS  (LB! 

X  AXIS 

20.56 

639. 79 

323 

-4.59 

T  AXIS 

0.  98 

36.  18 

322 

-5.  94 

Z  AXIS 

6.  28 

251.04 

323 

-9.29 

RESULTANT 

21.76 

688. 17 

323 

0. 61 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

53.  38 

742.42 

315 

22.  10 

T  AXIS 

29.02 

289. 97 

314 

17.65 

Z  AXIS 

79.  90 

765. 77 

314 

46.50 

RESULTANT 

100. 39 

1104.99 

315 

61.12 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

48.  58 

684. 84 

314 

29.  29 

T  AXIS 

19.  51 

252. 28 

316 

11.24 

Z  AXIS 

75.05 

770.88 

315 

61.02 

RESULTANT 

91.54 

1058. 87 

314 

71.14 

TOTAL  LAP  LOAD  I L B ) 

191.94 

2163.  14 

3  1  5 

135.47 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

-37. 59 

0.  73 

313 

-203. 57 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

42. 49 

406. 88 

315 

-14.95 

Z  AXIS  (RIGHT) 

50.  81 

457.43 

312 

-9.  96 

Z  AXIS  (CENTER) 

189. 57 

1066. 71 

314 

174.33 

Z  AXIS  (SUM) 

202. 86 

1926. 48 

315 

178.47 

TIME 

(MSEC) 


297 

290 

483 

293 


394 
4  IB 


294 

295 
435 
293 


3  1  4 
318 

4  68 
410 


371 

364 

479 

251 


4  38 
4  1  7 
737 
4  42 


687 
743 
7  66 
768 


758 
718 
7  65 
764 

764 


B28 


714 

421 

191 

460 


HORIZONTAL  TEST  PHASE  TESTi  2133 

SUB J :  C-l 

HTi 

168.0 

CELL:  A 

PARAMETER 

PRE IMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARK 

TIME  OF  IMPACT  START 

159 

221 

SLED  ACCELERATION  (G) 

X  AXIS 

0.6>1 

374 

-9.  67 

274 

X  AXIS  (SMOOTHED) 

0. 53 

375 

-9.  59 

273 

T  AXIS 

0.118 

284 

-0.63 

458 

Z  AXIS 

2.  36 

392 

0.  10 

270 

SLED  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.  00 

203 

-30. 1 8 

369 

TACHOMETER  (MEASURED) 

0.22 

193 

-30. 46 

392 

SEAT  ACCELERATION  (Gl 

X  AXIS 

0.85 

379 

-10. 29 

271 

X  AXIS  (SMOOTHED) 

0.68 

378 

-10. 05 

271 

T  AXIS 

0.61 

406 

-0.  65 

327 

Z  AXIS 

2. 94 

379 

-1.11 

270 

CHEST  ACCELERATION  (G) 

X  AXIS 

8.  10 

416 

-22.54 

295 

T  (  X I S 

1 . 33 

285 

-2.  37 

324 

Z  PX  I  s 

1U.  08 

297 

-7.41 

1457 

RESULTANT 

CHEST  SEVERITY  INDEX 

26.  38 
72. BO 

296 

0.  54 

687 

HEAD  ACCELERATION  (G) 

X  AXIS 

1 . 70 

502 

-17.17 

314 

T  AXIS 

1 . 24 

316 

-1.36 

41  1 

Z  AXIS 

7.U2 

414 

-19.23 

312 

RESULTANT 

HEAO  SEVERITY  INDEX 

25.  H7 
74.05 

313 

0.  34 

618 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

19.33 

673.67 

298 

1.62 

413 

T  RXIS 

1  •  40 

20.  36 

291 

-9.  22 

332 

Z  AXIS 

7.44 

251.92 

300 

-3.  55 

160 

RESULTANT 

20.  86 

717.80 

298 

3.  10 

U  1  3 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

31 .  SB 

729.89 

293 

12.04 

651 

T  AXIS 

16.09 

259.96 

293 

7.  79 

639 

Z  AXIS 

42.  96 

711.78 

294 

22.  39 

747 

RESULTANT 

55.  74 

1052. 1 1 

294 

32.  17 

747 

RIGHT  LAP  LOROS  (LB) 

X  AXIS 

28.  98 

702.62 

293 

11.90 

410 

Y  RX  I S 

10.68 

234.07 

294 

5.  71 

207 

Z  AXIS 

>13.82 

766.40 

294 

21.67 

407 

RESULTANT 

53.  70 

1065. 76 

294 

32.  1 1 

406 

TOTAL  LAP  LOAD  (LB) 

109. 44 

2117. 87 

294 

77.  26 

407 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

-78. 70 

-8.78 

291 

-81.66 

162 

SEAT  LOAOS  (LB) 

Z  AXIS  (LEFT) 

34.  84 

439.06 

297 

-7.  13 

396 

Z  AXIS  (RIGHT) 

37.H5 

429. 33 

295 

4.43 

437 

Z  AXIS  (CENTER) 

117. 93 

943. 14 

292 

50.  76 

461 

Z  AXIS  (SUM) 

190.23 

1799. 26 

296 

67.83 

461 

HORIZONTAL  TEST  PHASE  TEST.  2142 

SUB J  t  C-2 

NT  i 

189.0  CELL:  A 

PRE IMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

PARAHETER 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARK 

230 

TIKE  OP  IMPACT  START 

295 

SLEO  ACCELERATION  (C) 

X  AXIS 

0.56 

448 

-9.69 

342 

X  AXIS  {SMOOTHED) 

0.  48 

466 

-9. 60 

344 

T  AXIS 

0.47 

371 

-0.45 

555 

Z  AXIS 

2.  1  1 

465 

0.  IS 

359 

SLEO  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.00 

269 

-30.02 

444 

TACHOMETER  (MEASURED) 

0.23 

273 

-30.33 

522 

SEAT  ACCELERATION  (Gl 

X  AXIS 

0.  73 

453 

-10.36 

348 

X  AXIS  (SMOOTHED) 

0.62 

452 

-10.08 

347 

T  AXIS 

0.69 

478 

-0.  79 

473 

Z  AXIS 

2.62 

352 

-0.  92 

346 

CHEST  ACCELERATION  (G) 

X  AXIS 

6.  32 

505 

-24.14 

369 

T  AXIS 

1. 03 

370 

-2.84 

504 

Z  AXIS 

17.99 

372 

-4.27 

5  33 

RESULTANT 

29.39 

371 

0.51 

639 

CHEST  SEVERITY  INDEX 

84.25 

HEAD  ACCELERATION  (Gl 

X  AXIS 

4.23 

596 

-19.29 

385 

T  AXIS 

1.7B 

644 

-1 . 34 

595 

Z  AXIS 

6.71 

446 

-14.02 

379 

RESULTANT 

23.  31 

381 

0.20 

509 

HEAD  SEVERITY  INDEX 

100. 71 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

28.  IS 

777. 12 

378 

-7.59 

492 

T  AXIS 

0.71 

26.  30 

404 

-5.58 

507 

Z  AXIS 

12.89 

302.91 

376 

-13.38 

509 

RESULTANT 

31.11 

832.41 

378 

1.26 

U9B 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

17.27 

601.72 

370 

7.40 

272 

Y  AXIS 

7. HI 

260.57 

372 

2.53 

784 

Z  AXIS 

24. 35 

633. 76 

370 

12.87 

799 

RESULTANT 

30.86 

11BS.41 

370 

21.34 

799 

RIGHT  LHP  LOADS  (LB) 

X  AXIS 

16.33 

77B. 37 

370 

2.26 

252 

T  AXIS 

3.96 

232. 52 

371 

-2.  18 

286 

Z  AXIS 

23.39 

854.95 

370 

13.  79 

243 

RESULTANT 

28.93 

1178.61 

370 

20.66 

490 

TOTAL  LAP  LOAD  (LB) 

59.79 

2364.02 

370 

52.39 

263 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

101.68 

133.07 

367 

39.64 

534 

SEAT  LOROS  (LB) 

Z  AXIS  (LEFT) 

11.54 

438.99 

373 

-14.83 

523 

Z  AXIS  (RIGHT) 

37.60 

461.05 

369 

-0.  27 

630 

Z  AXIS  (CENTER) 

137. 33 

1008. 28 

368 

60.  1  1 

547 

Z  AXIS  (SUM) 

166.48 

1694.57 

371 

73.  89 

547 

HflRI ZONTAL  TEST  PHASE 


TEST i  2107 


SUBJi  F-2 


NT :  152.0 


CELL:  A 


PREIMPACT 

PARAMETER  AVERAGE 


REFERENCE  HARK 
TIME  OF  IMPACT  START 

SLEO  ACCELERATION  (G1 

K  nx  [  s 

X  AXIS  (SHOOTHEO) 

T  AXIS 
Z  AXIS 

SLED  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (G> 


X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 

Z  AXIS 

1 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CH^ST  SEVERITY  INDEX 

HEAD  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

SS.23 
2.  19 
21. 85 
50.  U8 

LEFT  LHP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

38.93 
21.58 
54.  27 
70.  23 

RIGHT  LHP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

39.  B9 
11.93 
57.  S3 
71.04 

TOTAL  LAP  LOAD  (LB) 

141.26 

SEAT  LINK  LOAOS  (LB) 

T  AXIS  (CENTER) 

60.  52 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHTI 
l  AXIS  (CENTER) 

Z  AXIS  (SUM) 

12.24 
59.97 
123. 26 
195. 48 

IMPACT 

TIME 

IMPACT 

TIME 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

168 

227 

0.  48 

379 

-9.  52 

280 

0.  31 

380 

-9.  48 

260 

0.  47 

281 

-0.  30 

4  79 

1 . 46 

283 

0.  16 

276 

0.  00 

180 

-30. 04 

3  76 

0.  21 

161 

-30. 35 

404 

0.58 

383 

-10. 19 

278 

0.  47 

383 

-9.  94 

277 

0.  64 

389 

-0.  73 

346 

2.49 

282 

-0.  59 

277 

6.  27 

417 

-19. 32 

298 

1.55 

358 

-2.  62 

296 

10.58 

295 

-3.  49 

427 

21.84 

52.70 

296 

0.  37 

574 

1 . 53 

497 

-12. 48 

336 

2.  10 

441 

0.  09 

333 

6.81 

418 

-7.  42 

335 

14.50 

46.65 

336 

0.  73 

593 

535.22 

311 

9.  45 

515 

22.86 

2B9 

-3.  32 

421 

225.25 

309 

-1.02 

506 

579.89 

311 

12.91 

515 

654. 94 

30D 

13.  57 

720 

270. 99 

297 

9.  43 

760 

661.49 

2  98 

29.  89 

730 

967. 85 

298 

42.00 

755 

617. 67 

299 

14. 87 

732 

218.16 

301 

5.02 

753 

697.22 

297 

38.  65 

723 

955. 82 

299 

48.  56 

732 

1923.34 

299 

94.05 

732 

75.  87 

297 

-1 . 37 

704 

278. 14 

310 

-14.25 

647 

400. 01 

299 

6.  98 

687 

838. 66 

298 

101.20 

242 

1483. 20 

299 

179.12 

167 

HORIZONTAL  TEST  PHASE  TESTi  2122 


PARAMETER 


REFERENCE  MARK 
TIME  OF  IMPACT  START 

SLEO  ACCELERATION  (C) 

X  AXIS 

X  AXIS  ISMOOTHEO) 

T  AXIS 
Z  AXIS 

SLEO  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  1MEASURE0) 

SEAT  ACCELERATION  (G) 

X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 
Z  AXIS 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HERD  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITY  INDEX 

SHOULDER  STRAP  LOAOS  (LB I 
X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

LEFT  LAP  LOAOS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

Y  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LB) 

SEAT  LINK  LOAOS  (LB) 

Y  AXIS  (CENTER) 

SEAT  LOAOS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 


2122 

SUB J i  G-3 

HTi 

163.0  CELL:  A 

IMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

RAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

203 

265 

0.63 

419 

-9.  56 

312 

0.  43 

420 

-9.43 

31i 

0.47 

321 

-0.41 

5 1  ( 

1 . 93 

435 

0.  16 

331 

0.  02 

255 

-29.63 

415 

0.10 

243 

-29. 99 

444 

0.  75 

420 

-10.09 

3  1  S 

0.  63 

422 

-9.  66 

316 

0.  74 

430 

-0.57 

365 

2.  70 

323 

-0.96 

316 

6.  73 

453 

-20.08 

344 

1.07 

469 

-4.04 

43e 

12.86 

343 

-5.83 

491 

23. 87 
56.84 

344 

0.  19 

476 

2.  00 

488 

-13. 14 

386 

2.05 

358 

-0.  90 

472 

4.28 

454 

-11.88 

355 

17.12 

65.46 

386 

0.33 

691 

32.77 

643.07 

347 

0.67 

47C 

B.  13 

33.83 

342 

-16.46 

376 

14.69 

277.95 

349 

-4.28 

466 

36.56 

700. 31 

347 

3.86 

466 

29.83 

718.98 

340 

15.94 

242 

9.92 

264.40 

341 

7.53 

26C 

34.  15 

703. 29 

3U0 

27.  85 

222 

42.89 

1039.04 

340 

37.98 

222 

21.25 

696. 79 

338 

8.59 

25" 

10.94 

283. 39 

340 

4.29 

201, 

31.39 

723.85 

339 

22.20 

236 

39.63 

1043.25 

339 

34.56 

236 

62.52 

2061.55 

340 

75.55 

236 

77.43 

122.27 

338 

-54.00 

6LE 

19.74 

322. 49 

343 

-14.07 

602 

26.56 

389. 42 

345 

-5.  13 

466 

134.67 

879.56 

340 

83.23 

482 

180. 96 

1566. 66 

340 

89.  84 

482 

HORIZONTAL  TEST  PHASE 

TEST:  2135 

SUBJ:  H-6 

NT: 

187.0 

:ELL:  A 

PREIMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

223 

TIME  OF  IMPACT  START 

286 

SLED  ACCELERATION  (C) 

X  AXIS 

0.  61 

111 

-9.  68 

335 

X  AXIS  (SMOOTHED) 

0.18 

159 

-9.  61 

337 

T  AXIS 

0. 16 

313 

-0.16 

513 

Z  AXIS 

l.OB 

157 

0.  17 

353 

SLED  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.  01 

271 

-30. 08 

137 

TACHOMETER  (MEASUREO) 

0.  16 

270 

-30. 35 

158 

SEAT  ACCELERATION  <GI 

X  AXIS 

0.  73 

112 

-10.30 

311 

X  AXIS  (SMOOTHEO) 

0.  61 

111 

-10. 08 

310 

T  AXIS 

0.16 

171 

-0.82 

387 

Z  AXIS 

2.  67 

31S 

-0.83 

310 

CHEST  ACCELERATION  (G) 

X  AXIS 

7.  29 

191 

-31.21 

363 

T  AXIS 

1.52 

185 

-3.  09 

355 

Z  AXIS 

21.51 

369 

-2.  71 

5u: 

RESULTANT 

32.07 

363 

0.12 

565 

CHEST  SEVERITY  INDEX 

107.51 

HEAD  ACCELERATION  (G) 

X  AXIS 

1.81 

513 

-17. 38 

102 

T  AXIS 

1.16 

371 

-1.76 

571 

Z  AXIS 

6.63 

191 

-9.88 

376 

RESULTANT 

16.  68 

377 

0.28 

663 

HEAD  SEVERITY  INOEX 

79.  13 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

32.22 

906.98 

371 

-1.23 

182 

T  AXIS 

1. 50 

53. 97 

371 

-10.93 

119 

Z  AXIS 

13.9? 

311 . 79 

373 

-6.  13 

516 

RESULTANT 

35.  i  : 

969. 05 

371 

1.28 

195 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

20.08 

770. 00 

361 

10.21 

276 

T  AXIS 

6.61 

262.50 

365 

0.91 

271 

Z  AXIS 

2S.  IB 

779. 36 

361 

16.26 

266 

RESULTANT 

33.03 

1126.59 

361- 

26.  72 

266 

RIGHT  LAr  LOADS  (LB) 

X  AXIS 

15.87 

720.05 

365 

6.  73 

261 

T  AXIS 

5.  13 

216. 88 

365 

-0.51 

256 

Z  AXIS 

22.65 

811.16 

365 

15.13 

251 

RESULTANT 

28.27 

1112.60 

365 

23.25 

820 

TOTAL  LAP  LOAD  (LB) 

61.29 

2239. 19 

365 

51.67 

266 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

24.  83 

SB.  31 

707 

9.85 

516 

SEAT  LOADS  (LBI 

Z  AXIS  (LEFT) 

31.31 

387. 97 

361 

-1.  93 

168 

Z  AXIS  (RIGHT) 

31. 69 

393. 12 

369 

-10. 53 

715 

Z  AXIS  (CENTER) 

123. 08 

1008. 03 

366 

17.  17 

55C 

Z  AXIS  (SUM) 

189. 08 

1781.56 

367 

60.87 

550 

'\rzy;y,vy. 


■>  *3.  'v'  »;  p.l 


TMT’  ^  *T 


HORIZONTAL  TEST  PHASE  TEST:  214? 

SUB  J:  J-3 

HT: 

166.0  CELL:  A 

PARAMETER 

PREIMPACT 

AVERAGE 

IMPACT 

MAXIMUM 

TIME 

(MSEC) 

IMPACT 

MINIMUM 

TIME 

(MSEC) 

REFERENCE  HARK 

TIME  OF  IMPACT  START 

170 

243 

SLED  ACCELERATION  (Cl 

X  AXIS 

X  AXIS  (SMOOTHEO) 

T  AXIS 

Z  AXIS 

0.58 

0.45 

0.  44 

2.  02 

395 

397 

289 

413 

-9.  66 
-9.  57 
-0.44 

0.  03 

307 

297 

484 

291 

SLEO  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED! 

0. 01 
0.28 

223 

240 

-30. 16 
-30.46 

391 

415 

SEAT  ACCELERATION  (C) 

X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 

Z  AXIS 

0.64 

0.53 

0.44 

3. 05 

398 

398 

491 

296 

-10. 35 
-10.02 
-0.  66 
-1.29 

292 

293 
420 
291 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 
l  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

8.  95 

0.  98 
13.91 
18.  63 
44.  88 

434 

402 

319 

319 

-11.89 
-3.83 
-6.27 
0.  49 

320 

428 

427 

553 

HEAD  ACCELERATION  (Cl 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

2. 05 
1.75 
8.87 
18.18 
68.28 

510 

466 

430 

339 

-12.81 
-2.00 
-14.98 
0.  30 

373 

413 

338 

536 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

T  RXIS 

Z  RXIS 

RESULTANT 

46.92 
0.09 
IS. 91 
49.  59 

504.63 
35.52 
185.84 
537. 20 

329 

331 

326 

329 

4.  55 
-7.  74 
0.92 
7.  34 

432 
530 
429 
4  30 

LEFT  LAP  LOADS  (LED 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

65.32 
33.83 
89.  18 
115.65 

571.61 
224. 12 
586.65 
849.20 

306 
306 

307 
307 

36.  31 
15.  34 
46.  70 
62.  61 

761 

770 

770 

770 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

TOTAL  LHP  LOAD  (LB) 

59.78 

20.55 

86.05 

106.80 

222. 45 

537.10 
163. 00 
595.67 
816.96 

1666. 16 

307 

307 

306 

307 

301 

37.  27 
12.03 
54.04 
70.43 

134.63 

419 

6UU 

653 

729 

'770 

SEAT  LINK  LOADS  (LB) 

Y  AXIS  (CENTER) 

2.  43 

113.55 

510 

0.  19 

229 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

73.  19 
100. 43 
98.  97 
272. 59 

388. 98 
496.43 
704.55 
1579. 27 

309 
309 
312 
31  1 

6.  73 
-13. 44 
87.  9' 
136. 32 

430 

461 

205 

458 

V.-. 


7 

AD-A128  642 
UNCLASSIFIED 


EFFECTS  OF  A  NEGATIVE  G  STRAP  ON  RESTRAINT  DVNANICS  AND  2/4 
HUNAN  IMPACT  RESPONSES)  AIR  FORCE  AEROSPACE  MEDICAL 
RESEARCH  LAB  MRIGHT-PATTERSON  RFB.  .  B  F  HEARON  ET  RL. 

DEC  83  AFAMRL-TR-8J-082  F/G  6/17  NL 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  Of  STANDARDS- 1 963- A 


HORIZONTAL  TEST  PHASE 


PARAMETER 


REFERENCE  HARK 

TIME  OF  IMPACT  START 

SLED  ACCELERATION  (G) 

X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 
Z  AXIS 

SLED  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (Gl 
X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 
Z  AXIS 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
.  RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (Gl 
X  AXIS 
Y  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITY  INOEX 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
>  Z  AXIS 
RESULTANT 

LEFT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LB) 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER1 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 


2121 

SUBJi  J-4 

HT  i 

181.0  CELL:  A 

IMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

RAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

211 

272 

0.66 

426 

-9.41 

325 

0.45 

427 

-9.34 

325 

0.50 

325 

-0.  42 

525 

1.75 

441 

0.07 

321 

0.00 

233 

-29.73 

422 

0.  16 

214 

-29. 94 

444 

0.72 

426 

-10.03 

322 

0.62 

429 

-9. 80 

3  22 

0.63 

436 

-0.  79 

4SC 

3.  00 

327 

-1.19 

321 

7.44 

466 

-16. 67 

345 

0.  48 

402 

-2.  43 

44L 

12.11 

342 

-2.  76 

515 

20.42 

46.50 

344 

0.57 

536 

0.  67 

221 

-10.18 

386 

0.69 

510 

-0.91 

408 

6.  16 

461 

-2.  75 

38C 

10.62 

54.24 

389 

0.59 

474 

64.83 

548.55 

354 

10.91 

463 

1.02 

18.83 

340 

-11.91 

3?( 

12.46 

157.  17 

350 

-3.41 

507 

66.09 

570. 72 

354 

13.21 

463 

54.07 

788.60 

344 

21.41 

804 

21.42 

241.22 

343 

6.64 

467 

82. 57 

817. 14 

344 

30.  13 

80S 

101.03 

1160.94 

344 

39.  76 

809 

50.03 

740. 75 

346 

14.87 

795 

16.  32 

235.62 

345 

0.91 

79C 

76.  77 

795.91 

344 

20.39 

eoe 

93.  49 

1 1 10. 78 

346 

27.  76 

808 

194.52 

2271.52 

344 

69.05 

008 

-34.46 

123.28 

728 

-114.04 

483 

69.  14 

518.27 

349 

-14.74 

508 

60.  82 

389.57 

348 

-11.05 

66C 

172.96 

1 183. 22 

349 

129. 71 

497 

302.92 

2091 . 06 

349 

129. 74 

497 

horizontal  test  phase 


TEST:  2106 


SUB J :  K-  1 


HTt  179.0 


CELL:  A 


PARAMETER 

PREIMPACT 

IMPACT 

TIME 

IMPACT 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

21  1 

269 

SUED  ACCELERATION  (Cl 

X  AXIS 

0.  64 

423 

-9.56 

X  AXIS  (SMOOTMEO) 

0.  47 

442 

-9.  48 

r  axis 

0.  45 

321 

-0.62 

Z  AXIS 

2.  19 

441 

-0.  35 

SLED  VELOCITY  (FT/SECI 

INTEGRATED  ACCELERATION 

0.00 

238 

-29. 69 

TACHOMETER  (MEASURED) 

0.22 

210 

-30. 1 1 

SEAT  ACCELERATION  (Gl 

X  AXIS 

0.  BO 

429 

-10. 17 

X  AXIS  (SMOOTHED) 

0.  62 

428 

-9.  85 

T  AXIS 

0.  82 

455 

-0.  62 

Z  AXIS 

3.  66 

323 

-1.72 

CHEST  ACCELERATION  (G) 

X  AXIS 

6.  34 

466 

-18. 93 

T  AXIS 

0.  50 

469 

-3.91 

Z  AXIS 

15.79 

351 

-4.81 

RESULTANT 

CHEST  SEVERITY  INDEX 

23.  86 
58.69 

349 

0.  78 

HERO  ACCELERATION  (G) 

X  AXIS 

2.  30 

491 

-10. 69 

T  AXIS 

1 . 05 

488 

-  1 . 44 

Z  AXIS 

4.31 

474 

-10. 27 

RESULTANT 

HEAO  SEVERITY  INDEX 

13.  24 
38.  03 

370 

0.  65 

SHOULDER  SYRAP  LOAOS  (LB) 

X  AXIS 

38.  1  I 

732.77 

352 

3.  40 

Y  AXIS 

2.69 

33.68 

343 

-B.  45 

Z  AXIS 

15.  52 

290. 75 

350 

-1.22 

RESULTANT 

41.31 

788.76 

352 

3.96 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

32.  07 

720.91 

344 

10.  46 

Y  AXIS 

10. 96 

226. 16 

344 

3.31 

Z  AXIS 

45.  31 

733.  18 

345 

21.88 

RESULTANT 

56.  64 

1051.42 

344 

30.  29 

RIGHT  LAP  LOAOS  (LB) 

X  AXIS 

37.  73 

698. 20 

344 

17.  53 

Y  AXIS 

1  3. 57 

231.68 

343 

5.  86 

Z  AXIS 

52.  03 

746.  13 

344 

28.  07 

RESULTANT 

65.  74 

1047. 79 

344 

39.  19 

TOTAL  LAP  LOAD  (LB) 

122.38 

2099. 22 

344 

78.  06 

SEAT  LINK  LOADS  (LB) 

Y  AXIS  (CENTER) 

72.64 

83.90 

351 

24.11 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

45.  75 

454.  18 

344 

-1.16 

Z  AXIS  (RIGHT) 

59.  27 

494. 73 

347 

-3.  00 

Z  AXIS  (CENTER) 

85.  89 

813.07 

348 

63.21 

Z  AXIS  (SUM) 

190. 91 

1761.99 

348 

111.35 

T  IME 
(MSEC) 


320 

322 

510 

317 


me 

443 


318 

319 

317 

318 


347 

446 

SOS 

712 


3  5  1 
391 
370 
605 


471 

555 

481 

481 


686 

744 

677 

686 


810 

762 

795 

795 

777 


491 


501 
666 
284 
51  1 


HORIZONTAL  TEST  PHASE  TEST:  2127  SUBJ:  H13  WT :  175.0  CELL:  A 


PARAMETER 


REFERENCE  MARK 

TIME  OF  IMPACT  STAR'T 

SLEO  ACCELERATION  IGI 
X  AXIS 

X  RXIS  (SMOOTHED) 

T  AXIS 
Z  AXIS 

SLEO  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (G) 

X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 
Z  AXIS 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

LEFT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LOROS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LB) 

SEAT  LINK  LOROS  (LB) 

T  AXIS  (CENTER) 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 


PREIMPACT  IMPACT 

AVERAGE  MAXIMUM 


0. 

59 

0. 

43 

0. 

49 

2. 

1  6 

0. 

01 

0. 

16 

0. 

68 

0. 

54 

0. 

54 

3. 

08 

6. 

31 

0. 

46 

9. 

1  2 

17. 

77 

46. 

26 

1 . 

46 

1  . 

53 

2. 

59 

17. 

B  1 

67. 

63 

46. 

02 

630. 

85 

4. 

S3 

3  B . 

23 

IS. 

77 

251  . 

19 

ue. 

88 

$79. 

60 

50. 

32 

63  1  . 

02 

15. 

04 

182. 

67 

65 . 

23 

634. 

35 

83. 

81 

912. 

74 

NO. 

99 

594. 

06 

Id. 

69 

197. 

38 

51  . 

78 

62D. 

90 

67. 

71 

880. 

25 

151  . 

52 

1  792. 

71 

7. 

30 

4  1  . 

1  1 

51  . 

59 

344. 

90 

40. 

24 

337. 

1  3 

114. 

59 

726. 

99 

206. 

42 

1  407. 

SO 

T  I  ME 

I MP AC  I 

T  I  “E 

(MSEC) 

M I N I  MUM 

(MSEC) 

1  70 

233 

387 

-9.48 

2et 

368 

-9.40 

26' 

285 

-0.31 

504 

405 

0. 03 

2e  i 

222 

-29.78 

362 

183 

-30.11 

4  1  C 

369 

-10.10 

282 

390 

-9.86 

262 

400 

-0. 54 

339 

287 

-1.18 

282 

4  1  6 

-  1 7. 52 

3  1  6 

402 

-2.54 

31  7 

300 

-1.56 

43F 

317 

0.48 

514 

457 

-  1  0 

89 

34  C 

510 

-5 

65 

366 

4  1  4 

-14 

44 

334 

334 

0 

1  0 

446 

333 

0. 

32 

47C 

310 

-6. 

1  7 

451 

333 

-6. 

72 

531 

333 

5. 

.  25 

462 

29  7 

36. 

98 

1  69 

298 

10. 

25 

225 

297 

46. 

58 

76F 

297 

64  . 

1  2 

765 

297 

21  . 

40 

761 

298 

7. 

00 

7  4  9 

299 

38. 

24 

744 

298 

50. 

1  3 

769 

297 

118. 

48 

7  6L 

288 

4  . 

36 

1  79 

299 

-8. 

4  1 

624 

302 

-11. 

AC 

5  2  7 

301 

104. 

1  7 

2  35 

301 

202. 

56 

209 

HORIZONTAL  test  PHASE 

TEST:  2054 

SUB J :  P-3 

NT: 

196.0 

CELL:  A 

PARAHETER 

PRE IMPACT 

IMPACT 

TIME 

IMPACT 

T  1  ME 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARK 

TIME  OF  IMPACT  START 

175 

236 

SLEO  ACCELERATION  (Cl 

X  AXIS 

0.  74 

391 

-9.  67 

265 

X  AXIS  (SMOOTHED) 

0.  56 

392 

-9.  59 

286 

T  AXIS 

0.  50 

296 

-0.  57 

49S 

Z  AXIS 

1 . 23 

278 

0.  53 

27C 

SLED  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.  00 

217 

-29. 71 

366 

TACHOMETER  (MEASURED) 

0.  19 

2  42 

-29.91 

406 

SEAT  ACCELERATION  (Gl 

X  AXIS 

0.  63 

390 

-9.  70 

281 

X  AXIS  (SMOOTHED) 

0.51 

634 

-9.59 

283 

T  AXIS 

0.42 

639 

-0.  66 

335 

Z  AXIS 

2.36 

277 

-0.  27 

271 

CHEST  ACCELERATION  (G) 

X  AXIS 

S.  12 

417 

-20. 69 

312 

T  AX  IS 

3.  62 

310 

-2.  16 

5  3cj 

Z  AX  IS 

23.43 

319 

-2.06 

462 

RESULTANT 

27.  97 

319 

0.  64 

597 

CHEST  SEVERITT  INOEX 

72.  12 

HEAD  ACCELERATION  (G) 

X  AXIS 

0.  36 

271 

-11.34 

433 

T  AXIS 

3.  55 

324 

-0.  87 

477 

Z  AXIS 

3.  34 

400 

-12. 38 

333 

RESULTANT 

14.43 

390 

0.15 

290 

HEAD  SEVERITY  INOEX 

70.  27 

SHOULOER  STRAP  LOADS  (LB) 

X  AXIS 

61.95 

773. 13 

323 

-1.70 

466 

T  AXIS 

-0.  7? 

50.  28 

338 

-8.  93 

617 

Z  AXIS 

11.53 

185. 06 

323 

-9.  59 

456 

RESULTANT 

63.05 

795. 02 

323 

2.  76 

476 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

35.  V  7 

729. 24 

306 

26.  20 

220 

Y  AXIS 

9.  52 

218. 35 

308 

4.88 

236 

Z  AXIS 

UU.  35 

701.22 

306 

39.  73 

2  0  7 

RESULTANT 

57.  70 

1033. 76 

306 

53.  54 

220 

RIGMY  LAP  LOADS  (L8I 

X  AXIS 

36.  97 

702. 77 

307 

27.  1  3 

758 

Y  AXIS 

11.60 

162.20 

307 

8.40 

753 

Z  AXIS 

46.  49 

711.13 

309 

44. 36 

1  73 

RESULTANT 

60.  55 

1014.83 

307 

57.51 

212 

TOTAL  LAP  LOAD  (LB) 

116.26 

2047. 72 

307 

113.71 

192 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

60.47 

90.  22 

319 

41.01 

761 

SEAT  LOADS  (LB! 

Z  AXIS  (LEFT) 

36.  56 

470.51 

305 

-15. 29 

457 

Z  AXIS  (RIGHT) 

54.  36 

447. 57 

309 

-7.  68 

606 

Z  AXIS  (CENTERI 

1 38. 57 

858.  18 

315 

1 20. 72 

1  72 

Z  AXIS  (SUM) 

231.48 

1 756. 25 

31  1 

197. 68 

447 

*» 


M8R ! ZONT  AL  TEST  PHASE  TEST:  2154 

SUB  J :  R- 2 

WT  : 

144.0 

CELL:  A 

PRE IMPACT 

IMPACT 

TIME 

1MPAC  T 

TIME 

PARAMETER 

AVERAGE 

MAX  I  MUM 

(MSEC) 

MINIMUM 

(M5E  C  1 

REFERENCE  HARM 

190 

TIRE  OF  IMPACT  START 

258 

SLEO  ACCELERATION  IG1 

X  RXIS 

0.  55 

411 

-9.  65 

306 

X  RXIS  [SMOOTHED) 

0.  35 

412 

-9.  5b 

307 

T  RXIS 

0.  50 

314 

-0.  33 

509 

7  AXIS 

1 . 42 

315 

0.  08 

310 

SLED  VELOCITY  (FT /SEC) 

INTEGRATED  ACCELERATION 

0.  02 

245 

-29. 98 

407 

TACHOMETER  (MEASURED) 

0.21 

244 

-30. 3C 

431 

SEAT  ACCELERATION  IG) 

X  AXIS 

0.  68 

416 

-10. 30 

312 

X  AXIS  [SMOOTHED! 

0.  56 

414 

-10.02 

310 

T  AXIS 

0.  69 

419 

-0.  64 

415 

Z  AXIS 

2.  60 

3)5 

-1.13 

310 

CHEST  ACCELERATION  IG) 

X  RXIS 

7.  43 

440 

-18.56 

335 

T  RXIS 

4.  64 

420 

-3.  40 

463 

Z  RXIS 

16.  97 

325 

-2.  75 

491 

RESULTANT 

19.  45 

326 

0.60 

535 

CHEST  SEVERITY  INDEX 

63. 87 

HEAD  ACCELERATION  (G) 

X  RXIS 

2.  50 

532 

-15. 4P 

349 

T  AXIS 

1.15 

521 

-1.21 

536 

Z  AXIS 

4.56 

452 

-13. 34 

339 

RESULTANT 

19.  46 

940 

0.  77 

6  75 

HEAD  SEVERITY  INDEX 

7B .  62 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

29.  83 

719. 64 

353 

-3. 

475 

T  RX  I  S 

2.  30 

27.  59 

347 

-11.  lb 

36! 

l  RXIS 

14.95 

280. 49 

349 

-9.  05 

504 

RESULTANT 

33.  54 

772. 71 

354 

2.  2b 

4  92 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

13.9! 

544.39 

322 

4.14 

255 

T  AXIS 

10.  39 

226.21 

324 

5.  70 

23? 

Z  AXIS 

19.  S3 

572. 95 

323 

1  1  .  t  ? 

7 :  1 

RESULTANT 

26. 25 

821.74 

323 

21.28 

21  1 

RIGHT  LAP  LORDS  (LB' 

X  AXIS 

14.17 

501.13 

323 

11.35 

195 

T  AXIS 

7.  69 

220. 72 

323 

5.  05 

244 

Z  AXIS 

17.  52 

55 0. 70 

325 

9.  07 

245 

RESULTANT 

23.  94 

775.  15 

323 

18.  22 

246 

TOTAL  LAP  LOAD  US' 

50.  19 

1596.89 

323 

44.54 

246 

SEAT  LINK  LOADS  IIS'. 

T  AXIS  ICENTEF 

52. 20 

130.46 

653 

11.49 

58C 

SEAT  LOPDS  US! 

Z  AXIS  [LEFT, 

10.  57 

269.70 

327 

-  1 5. CE 

4  32 

Z  AXIS  (RIG-Ti 

16.8) 

270. 54 

327 

-13.2: 

68: 

Z  AXIS  [CENTER; 

106.75 

818.46 

330 

93.  53 

22G 

Z  AXIS  isjm; 

136.14 

1346.30 

320 

98. 55 

4  Be 

,  m  m  v! 


HORIZONTAL  TEST  PHASE 


TEST:  2128 


SUB J :  8- 3 


WT:  150.0 


CELL:  A 


PARAMETER 

PRE IMPACT 
AVERAGE 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

SLED  ACCELERATION  (G) 

X  AXIS 

X  AXIS  ( SHOO THEOI 

T  AXIS 

Z  AXIS 

SLEO  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (G) 

X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 

Z  AXIS 

CHEST  ACCELERATION  (G) 

x  nxis 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INOEX 

SHOULOER  STRAP  LOAOS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

36.  33 
2.  57 
19.  76 
41 . 49 

LEFT  LAP  LOADS  (LB  1 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

20.  03 
2.  39 
25.98 
32.96 

RIGHT  LAP  LOROS  (L81 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

16.68 

8.42 

25.44 

31.80 

TOTAL  LHP  LOAD  (LB) 

64.  76 

SEAT  LINK  LOADS  (LB) 

T  AXIS  ICENTER) 

4.  78 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFTI 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

7.  22 
10.93 
136.34 
154.48 

IMPACT 

TIME 

IMPACT 

TIME 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

165 

228 

0.60 

399 

-9.56 

277 

0.49 

400 

-9.49 

277 

0.  47 

282 

-0.  48 

477 

2.  21 

396 

0.  2S 

279 

0.  01 

214 

-29. 87 

377 

0.22 

196 

-30. 1 1 

401 

0.  69 

385 

-10.22 

280 

0.  60 

385 

-10. 00 

279 

-0.  13 

412 

-1.48 

347 

2.59 

284 

-0.96 

279 

7.  55 

425 

-21.26 

297 

2.  50 

433 

-2.  10 

407 

10.  67 

309 

-12.78 

461 

23.  12 

cm  «  n 

297 

0.  33 

527 

64.  13 


2.26 

449 

-12.48 

349 

0.  70 

521 

-1.98 

331 

6.  34 

430 

-11.20 

316 

15.  87 

316 

0.57 

733 

51.30 


684.02 

308 

-5.81 

489 

42.  b5 

295 

-6.31 

385 

325. 44 

311 

-5.  45 

4  72 

757.25 

308 

0.  86 

4U2 

698.51 

302 

2.  86 

759 

246.40 

303 

-2.  25 

190 

687. 23 

302 

13.  79 

749 

1009. 84 

302 

20.  66 

749 

678. 05 

302 

2.41 

737 

275. 75 

302 

1 . 72 

732 

715.20 

302 

13.54 

727 

1023. 38 

302 

21  .  74 

727 

2033.21 

302 

50.  29 

749 

46.  72 

299 

-68. 52 

732 

234. 80 

304 

-13.43 

607 

301.86 

307 

-12. 26 

602 

929. 20 

301 

49.21 

456 

1459.78 

302 

53.  90 

456 

HORIZONTAL  TEST  PHASE 


TEST:  2101 


SUB J:  N-4 


NT:  192.0 


CELL:  A 


PREIMPRCT 

IMPACT 

TIME 

IMPACT 

PARAMETER 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

REFERENCE  MARK 

TIHE  OF  IMPACT  START 

199 

258 

SLEO  ACCELERATION  (C) 

X  AXIS 

0.  63 

412 

-9.51 

X  AXIS  (SMOOTMEO) 

0.  50 

432 

-9. 44 

T  AXIS 

0.  49 

314 

-0.  60 

Z  AXIS 

2.  12 

430 

0.11 

SLEO  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.00 

190 

-29. 60 

TACHOMETER  (MEASURED! 

0.  15 

200 

-30.06 

SEAT  ACCELERATION  <GI 

X  AXIS 

0.87 

418 

-10. 06 

X  AXIS  (SMOOTHED) 

0.63 

416 

-9.  65 

T  AXIS 

0.  77 

445 

-0.65 

Z  AXIS 

3.  14 

418 

-0.91 

CHEST  ACCELERATION  (G) 

X  AXIS 

6.93 

456 

-32.43 

T  AXIS 

1 . 25 

475 

-3.91 

Z  AXIS 

15.15 

337 

-3.  B5 

RESULTANT 

CHEST  SEVERITY  INOEX 

34. 74 
90.81 

334 

0.  39 

HEAD  ACCELERATION  (G) 

X  AXIS 

1 . 64 

566 

-14.67 

T  AXIS 

0.  30 

361 

-2.43 

Z  AXIS 

5.56 

469 

-14.34 

RESULTANT 

HEAO  SEVERITY  INOEX 

19.  83 
59.  18 

3S0 

0.  30 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

36. 65 

683. 23 

336 

-2.65 

T  AXIS 

3.  37 

30.60 

336 

-13.60 

Z  AXIS 

15.  18 

271.23 

337 

-6.  13 

RESULTANT 

39.  88 

73(1. 85 

33c 

1  .  76 

LEFT  LHP  LOADS  (LB) 

X  AXIS 

21.76 

847.26 

335 

15.94 

Y  AXIS 

8.82 

309. 55 

336 

6.94 

Z  AXIS 

3U.  23 

934.89 

335 

26. 34 

RESULTANT 

4  1.59 

1298. 56 

335 

33.  14 

RIGHT  LHP  LOADS  (LB) 

X  AXIS 

19.04 

785.20 

33b 

11.60 

Y  AXIS 

7.92 

332.64 

335 

4.06 

Z  AXIS 

27.  62 

938.13 

335 

23.  10 

RESULTANT 

34.50 

1266.23 

335 

30.25 

TOTAL  LHP  LOAD  (LB) 

76.09 

2564.78 

335 

63.40 

SEAT  LINK  LOADS  (LB! 

Y  AXIS  (CENTER) 

45.  45 

129.31 

338 

25.91 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

33.  29 

412.85 

335 

4. 72 

Z  AXIS  (RIGHT) 

34.  54 

456.58 

338 

-12.32 

Z  AXIS  ICENTERI 

145. 32 

1312.99 

338 

11 3. 84 

Z  AXIS  (SUM) 

213.15 

2 1 77. 86 

338 

135.10 

on 


TIME 

(MSEC) 


303 
306 
502 
U  23 


407 

435 


31  1 
310 
451 
310 


333 

330 

496 

508 


352 

407 

34S 

597 


572 

525 

746 

476 


199 

194 

446 

446 


453 

446 

450 

446 

446 


507 


4  35 
572 
504 
504 


RESTRAINT  CONFIGURATION  STUDV 


MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDV  TEST  NO:  2154  SUBJ  ID:  R-2 


TIME  IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO*  3154  SUBJ  ID 


RESTRAINT  CONFIGURATION  STUDV  TEST  NO:  2154  SUBJ  ID:  R-2 


IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO:  2154  SUBJ  ID:  R-2 


TINE  IN  MILLISECONDS 


SUBJ  ID*  R-2 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO*  2154  SUBJ  ID*  R-2 


TIME  IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO*  215-4  SUBJ  ID:  R-2 


TINE  IN  NILLISECONDS 


y 

v 

£ 

9 

ix 

i/' 

£ 

I 


r.  <7  r- 


<*  V  L' 


V  V'.-.-.  .-  '  ■ 


r. 


> 

ta»‘ 


V 
/ 

V 

y 


HCRI ZONTAL  TEST  PHASE 


PARAMETER 


REFERENCE  HARM 
TIME  OF  IMPACT  START 


TEST:  2108 


PME IMPACT 
AVERAGE 


SLED  ACCELERATION  (G) 

y  * 

X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 

Z  AXIS 

SLEO  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  t MEASURED) 

SEAT  ACCELERATION  (G) 

X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 
Z  AXIS 

CHEST  ACCELERATION  (G> 

X  RXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITT  INOEX 


HEAD  ACCELERATION  (G) 
X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITT  INOEX 

NEGATIVE  G  STRAP 

SHOULOER  STRAP  LOAOS 
X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 


(LO) 


k 

LEFT  LAP  LOAOS  (LB) 

X  AXIS 

T  AXIS 

1%  i 

Z  AXIS 

K 

RESULTANT 

H 

RIGHT  LAP  LOAOS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

• 

RESULTANT 

TOTAL  LAP  LOAD  (LB) 

< 

SEAT  LINK  LOADS  (LB) 

T  AXIS  ICENTER) 

M 

SEAT  LOADS  (LB) 

Z  RXIS  (LEFT) 

Z  AXIS  (RIGHTI 

r> 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

SUB Jt  e-2 


IMPACT 

MAXIMUM 


0.60 
0.  50 
0.  (18 
1.80 


0.  01 

0.22 


0.79 

0.05 

0.97 

2.80 


8.  77 
1.89 
20.39 
31.96 
99.33 


MT:  188.0 


CELL:  B 


TIME 

(MSEC) 


209 

276 


4)16 

447 

330 

446 


258 

275 


434 

433 

460 

332 


485 

4D5 

3S9 

3S4 


109 


IMPACT 

MINIMUM 


-9.57 
-9.  50 
-0.51 
0.09 


-29. 77 
-29. 99 


-10. 19 
-9.93 
-0.  59 
-0.  93 


-28.64 

-3.28 

-4.64 

0.41 


TIME 

(MSEC) 


322 

324 

527 

340 


425 

449 


328 

327 

454 

327 


352 

371 

484 

584 


f. 


V  j- 


V--A 


«•  Vl 


3.  33 

502 

-11.13 

U09 

0.  37 

520 

-2.07 

437 

7.  32 

484 

-11.28 

375 

14. 34 
50.64 

375 

0.40 

590 

224.76 

533 

-5.57 

309 

38.62 

748.46 

362 

-4.63 

468 

2.  OS 

31.29 

348 

-9.  70 

542 

13.92 

271.33 

362 

-3.  60 

472 

41.23 

796.43 

362 

1.90 

4  75 

15.59 

984.76 

353 

7.89 

274 

4.53 

252. 34 

352 

0.  16 

212 

22.  75 

897.91 

352 

17.25 

233 

28.  07 

1354.56 

352 

23.  56 

233 

16.68 

920.68 

352 

3. 92 

203 

3.81 

258.45 

354 

-1.62 

2B8 

24.82 

933. 12 

352 

16.  09 

226 

30.25 

1335.61 

352 

24.92 

226 

56.  31 

2690.17 

352 

53.08 

233 

-72.13 

-8.  15 

356 

-122. 76 

493 

20.  22 

480. 44 

365 

-14.50 

532 

18.  57 

503. 57 

356 

-0.24 

763 

163. 96 

1097. 39 

356 

143.03 

281 

202. 77 

2052.46 

356 

193.91 

217 

pm 


•  _  j i 

.-« A  i 

m 


..••.I 

4  /• 

.'A 

Cv.v 


mm 


>  \ 


-  *  - 
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HORIZONTAL  TEST  PHASE  TEST:  2111 

SUB J :  B-l 

NT: 

147.0  CELL:  B 

PREIMPACT 

IMPACT 

TIME 

IMPACT 

time 

PARAMETER 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

173 

TIRE  OF  IMPACT  START 

245 

SLED  ACCELERATION  (G1 

X  AXIS 

0.  56 

397 

-9.  68 

293 

X  AXIS  (SMOOTHED) 

0.  44 

399 

-9.59 

297 

T  AXIS 

0.47 

300 

-0.  54 

469 

Z  AXIS 

2.24 

U  1  5 

0.17 

296 

SLED  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.00 

192 

-30.15 

394 

TACHOMETER  (MEASURED) 

0.  12 

204 

-30. 39 

417 

SEAT  ACCELERATION  (Gl 

X  AXIS 

0.72 

403 

-10. 33 

297 

X  RXI5  (SMOOTHED) 

0. 62 

402 

-10. 07 

296 

r  axis 

0.  70 

429 

-0.67 

434 

Z  AXIS 

2.69 

301 

-0.  97 

296 

CHEST  ACCELERATION  (G) 

X  AXIS 

8.05 

454 

-19.81 

322 

T  AXIS 

1.71 

458 

-3.36 

443 

Z  AXIS 

13.  75 

317 

-4. 32 

4  54 

RESULTANT 

22.62 

321 

0.40 

528 

CHEST  SEVERITY  INDEX 

58.55 

HEAD  ACCELERATION  (Gl 

X  AXIS 

4.86 

460 

-15. OB 

331 

T  AXIS 

1 . 51 

532 

-1  .  74 

468 

Z  AXIS 

7. 36 

457 

-13.57 

319 

RESULTANT 

18.52 

322 

0.49 

769 

HEAD  SEVERITY  INDEX 

70.34 

NEGATIVE  G  STRAP 

94.42 

452 

-5.  37 

271 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

27.16 

584.96 

361 

-2.  10 

437 

T  AXIS 

1.91 

23.  54 

336 

-3.78 

528 

Z  AXIS 

10.22 

189.00 

325 

-5.64 

450 

RESULTANT 

29.  16 

611.43 

361 

1.10 

456 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

29.  70 

569. 25 

313 

9.  28 

727 

T  AXIS 

13.18 

198.27 

313 

4.  74 

729 

Z  AXIS 

HI .  92 

565.45 

313 

17.53 

764 

RESULTRNT 

53.08 

826. 49 

313 

25. 92 

7  70 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

27.03 

563.32 

312 

15.  77 

209 

T  AXIS 

12.  76 

225.19 

311 

6.  98 

185 

Z  AXIS 

34.75 

588. 36 

312 

20.  06 

770 

RESULTANT 

45.98 

845.  1  1 

312 

30.84 

770 

TOTAL  LAP  LOAD  (LB) 

99.  06 

1668.50 

313 

56.  77 

770 

SEAT  LINK  LOAOS  (LB) 

T  AXIS  (CENTER) 

-67. 55 

40.  79 

748 

-175. 36 

478 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

21  .SO 

207. 54 

314 

-14.80 

584 

Z  AXIS  (RIGHT) 

21.85 

343. 20 

316 

-13.41 

566 

Z  AXIS  (CENTER) 

ISO. 84 

768. 20 

314 

1 32. 99 

437 

Z  AXIS  (SUM) 

194.19 

1314.38 

3  1  4 

116.94 

438 

110 


HORIZONTAL  TEST  PHRSE 

TEST:  2091 

SUB J :  B-3 

NT: 

181.0 

CELL:  B 

PflflflHETER 

PREIMPACT 

IMPACT 

TIME 

IMPACT 

T  I  HE 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

188 

248 

SLEO  RCCELERRT ION  (Cl 

X  AXIS 

0.  62 

402 

-9.  36 

302 

X  AXIS  (SMOOTHED) 

0.  50 

420 

-9.31 

301 

T  AXIS 

0.48 

302 

-0.  6? 

492 

Z  AXIS 

2.  01 

419 

0.09 

298 

SLEO  VELOCITY  (FT/SEC) 

INTEGRATEO  ACCELERATION 

0.01 

234 

-29.69 

398 

TACHOMETER  (MEASUREO) 

0.  16 

210 

-29.99 

424 

SEAT  ACCELERATION  (C) 

X  AXIS 

0.  60 

407 

-10.15 

298 

X  AXIS  (SMOOTHED) 

0.  65 

406 

-9.81 

298 

T  AXIS 

1  .  DO 

433 

-0.64 

427 

Z  AXIS 

3.  13 

303 

-1.18 

298 

CHEST  ACCELERATION  (G) 

X  AXIS 

7.62 

455 

-21.61 

321 

T  AXIS 

2.69 

339 

-2.88 

443 

Z  AXIS 

17.  17 

326 

-2.79 

456 

RESULTANT 

CHEST  SEVERITY  INDEX 

25.25 
63.  71 

323 

0.58 

415 

HEAD  ACCELERATION  (G) 

X  AXIS 

4.81 

459 

-12.64 

334 

Y  AXIS 

2.51 

346 

-0.63 

468 

l  AXIS 

7.  72 

453 

-6.51 

480 

RESULTANT 

HEAD  SEVERITY  INDEX 

14.19 
47. 90 

334 

0.11 

688 

NEGATIVE  G  STRAP 

138. 46 

491 

8.55 

268 

SMOULDER  5TRRP  LOROS  (LB) 

X  AXIS 

30.  72 

635. 72 

333 

1 . 23 

44  1 

Y  AXIS 

3.6U 

4  1 . 76 

327 

-7.20 

529 

Z  AXIS 

12.80 

263. 89 

333 

-8.61 

460 

RESULTANT 

33.53 

689.44 

333 

3.48 

445 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

43.  56 

764.47 

323 

9.62 

707 

T  AXIS 

1  7.  83 

237. 26 

322 

5.  02 

752 

Z  AXIS 

54.67 

698.55 

323 

17.  14 

697 

RESULTANT 

72.  24 

1062. 39 

323 

26.  03 

697 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

44.  10 

721.86 

323 

21.10 

692 

T  AXIS 

13.14 

205. 78 

324 

5.  33 

687 

Z  AXIS 

55.  97 

712.49 

322 

37.50 

682 

RESULTANT 

72.  49 

1 033. 01 

323 

48.  32 

662 

TOTAL  LAP  LOAD  (LB) 

144.73 

2095 . 40 

323 

83.81 

682 

SEAT  LINK  LOROS  (LB) 

Y  AXIS  (CENTER) 

15.  36 

54  .  80 

709 

-165.08 

451 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

35.  39 

452. 36 

322 

-15.17 

461 

Z  AX  1 3  (RIGHT) 

56.  94 

501.93 

321 

-3.40 

720 

Z  AXIS  (CENTER) 

162. 69 

804. 76 

319 

169.55 

263 

Z  AXIS  (SUM) 

275. 02 

1 749. 80 

321 

198.56 

489 

Ill 


HORIZONTAL  TEST  PHASE  TEST:  2161 

SUB J :  C-l 

NT: 

168.0 

CELL:  8 

PARAMETER 

PREIMPACT 

IMPACT 

time 

IMPACT 

T  1  ME 

AVERAGE 

MAXIMUM 

(MSEC) 

HINT  MUM 

(MSEC) 

REFERENCE  MARK 

T 1  HE  OF  IMPACT  START 

233 

298 

SLED  ACCELERATION  (G) 

X  AXIS 

0.  64 

453 

-9.63 

3^4 

X  AXIS  15M00THE0I 

0.43 

455 

-9.  55 

354 

T  AXIS 

0.  SI 

353 

-0.  60 

534 

Z  AXIS 

2.  27 

471 

0.  1  I 

349 

SLED  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.  00 

250 

-29. 94 

449 

TACHOMETER  (MEASURED) 

0.  22 

263 

-30.  1  1 

470 

SEAT  ACCELERATION  (G) 

X  AXIS 

0.  75 

459 

-10.28 

35  1 

X  AXIS  (SMOOTHED) 

0.  64 

457 

-10.00 

350 

T  flX  I  S 

1.10 

485 

0.  02 

406 

Z  AXIS 

3.  18 

35U 

-0.61 

349 

CHEST  ACCELERATION  (G) 

X  AXIS 

6.  28 

497 

-18.14 

370 

T  AXIS 

0.  82 

497 

-3.01 

397 

l  AX  I  S 

12.  21 

364 

-3.98 

520 

RESULTANT 

CHEST  SEVER1TT  INDEX 

20.  36 
55.04 

369 

0.49 

620 

HEAD  ACCELERATION  (G) 

X  AXIS 

1 . 00 

577 

-14.91 

403 

T  AXIS 

1. 39 

576 

-2.  26 

446 

H  AXIS 

8.  92 

492 

-17. 64 

400 

RESULTANT 

HEAD  SEVER  I T  T  INDEX 

22.  80 
65.  69 

401 

0.  14 

746 

NEGATIVE  G  STRAP 

164.54 

520 

12.66 

339 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

33.  OS 

675. 68 

3B6 

1 . 66 

491 

T  AXIS 

6.72 

34.  32 

372 

-14.64 

4  1  0 

Z  AXIS 

7.  30 

195. 23 

385 

-6.  72 

463 

RESULTANT 

34.  SB 

703. 59 

387 

3.  45 

491 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

37.  84 

72B. 06 

370 

17.6) 

721 

T  AXIS 

11.92 

230. 59 

373 

4.22 

723 

Z  AXIS 

46. 54 

687. 87 

370 

26.  37 

7  1  6 

RESUL  TANT 

61.19 

1027. 56 

370 

39.15 

7  1  e 

RIGHT  LAP  LOAQS  (LB) 

X  AXIS 

31.19 

678. 1 0 

370 

25.  07 

24  1 

T  AXIS 

12.  53 

233. 94 

372 

5. 5° 

2  90 

Z  flX  I  3 

44.07 

686. 56 

369 

34.14 

2  9  2 

RESULTANT 

55.51 

992. 63 

370 

49.01 

292 

TOTAL  LAP  LOAD  (LB) 

116.71 

2020. 1 9 

370 

94.19 

718 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

-83. 04 

-0.  12 

374 

-85.45 

255 

SEAT  LOADS  (LB! 

Z  AXIS  (LEFTI 

60.  37 

457. 1 1 

374 

-4.33 

5  7-, 

Z  AXIS  (RIGHT) 

54 . 23 

421.35 

3  72 

-6. 

4  65 

Z  AXIS  (CENTER) 

114.58 

916.74 

370 

104.92 

3  0  7 

Z  AXIS  (SUM) 

229. 19 

I 779. 93 

371 

221.77 

2  7!. 

HORIZONTAL  TEST  PHASE  TEST:  2123 

SUB  J :  C -  2 

HT: 

167.0  1 

CELL:  B 

PRE IMPACT 

IMPACT 

TIME 

IMPACT 

T  1  HE 

PARAHETER 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARM 

221 

T I  HE  OF  IMPACT  START 

288 

SLED  ACCELERATION  (Cl 

X  AXIS 

0.52 

442 

-9.  SB 

334 

X  AXIS  (SMOOTHED) 

D.  46 

459 

-9.  SO 

337 

T  AX  IS 

0.49 

339 

-0.33 

567 

Z  AXIS 

1  .  41 

473 

0.  19 

355 

SLEO  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.  00 

223 

-29.51 

438 

TACHOMETER  (MEASURED) 

0.  16 

220 

-29. 76 

463 

SEAT  ACCELERATION  (Gl 

X  AXIS 

0.71 

448 

-10.04 

343 

X  AXIS  (SMOOTHED) 

0.  57 

446 

-9.82 

34  1 

T  AXIS 

0.  85 

4  S 1 

-0.  78 

390 

Z  AXIS 

2.  31 

347 

-1.00 

342 

CHEST  ACCELERATION  (G! 

X  AXIS 

7.01 

513 

-27. 05 

364 

T  AXIS 

3.  19 

362 

-1.86 

513 

Z  AXIS 

27.25 

370 

-2.  62 

538 

RESULTANT 

35.80 

370 

0. 38 

6  32 

CHEST  SEVERITT  INDEX 

1 1 1 . 68 

HEAD  ACCELERATION  (Gl 

X  AXIS 

3.  37 

524 

-20. 44 

375 

T  AXIS 

2.62 

376 

-0.  95 

540 

Z  AXIS 

6.  82 

447 

-10.84 

366 

RESULTANT 

22.  39 

374 

0.31 

669 

HE AO  SEVERITT  INDEX 

96.  19 

NEGATIVE  G  STRAP 

152. 71 

587 

0.  S3 

300 

SHOULDER  3  TR  RP  LOADS  (LB) 

X  AXIS 

11.62 

797. 40 

374 

-11.03 

514 

T  AXIS 

0.  3U 

21 . 02 

4  16 

-5.  1  7 

580 

Z  AXIS 

6.  23 

30S. 01 

37? 

-B.  86 

4  95 

RESULTANT 

13.66 

852.03 

374 

1  .  32 

534 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

10.  U  1 

988. 46 

3BU 

1  .  73 

242 

T  AXIS 

2.  96 

285. 44 

365 

0.42 

221 

Z  AXIS 

1  1. 64 

896. 60 

365 

5.98 

270 

RESULTANT 

16.05 

1 364 . 70 

365 

12.  39 

242 

RIGHT  LAP  LOADS  (LBI 

X  AX  IS 

8.04 

927. 92 

364 

-1.41 

249 

T  AXIS 

0.  B6 

245. 87 

365 

-  4  .  Oc 

225 

Z  AX  IS 

9.  56 

692. 83 

364 

4.47 

2  36 

RESULTANT 

12.81 

1310.96 

365 

9.  70 

236 

TOTAL  LAP  LOAD  (LBI 

28.  85 

2675.66 

365 

23.53 

231 

SEAT  LINK  LOADS  ( L  B 1 

T  AXIS  (CENTER) 

44. 45 

83.  19 

369 

13.43 

74? 

SEAT  LOADS  (LB) 

Z  AXIS  ILEFTI 

22. 29 

520. 46 

367 

-7.  96 

6  39 

Z  AXIS  (RIGHT! 

32. 69 

SI  9. 07 

364 

3.13 

5  3“ 

Z  AXIS  (CENTER) 

128.59 

973. 64 

369 

1 06. 0  i 

30" 

Z  AXIS  (SUM) 

183.57 

2003. 99 

3  65 

153.51 

54  ' 

HORIZONTAL  TEST  PHRSE 


TEST i  2064 


SUB J i  F-2 


NT:  154.0 


CELL:  B 


PARAME TER 


PAEIMPACT 

AVERAGE 


IMPRCT  TIME 
MAXIMUM  (MSEC) 


IMPACT  TIME 
MINIMUM  (MSEC) 


REFERENCE  MARK 
TIHE  OF  IMPACT  START 

SLED  ACCELERATION  (G) 
X  AXIS 

X  AXIS  ISMOOTHEO) 
T  AXIS 
Z  AXIS 


SLED  VELOCITT 
INTEGRATED 
TACHOMETER 


(FT/SEC) 

ACCELERATION 

IMEASUREO) 


SEAT  ACCELERATION  (G) 
X  AX  I S 

X  AXIS  (SMOOTHED) 
T  AXIS 
Z  AXIS 


CHEST  ACCELERATION  (G) 
X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INOEX 

HEAD  ACCELERATION  (Cl 
X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITY  INDEX 


2.  44 
1.99 
5.  75 
20.22 
72.  96 


166 

252 


0.  S3 

406 

-9.  62 

301 

0.40 

4  07 

-9.  54 

303 

0.47 

307 

-0.41 

494 

1 . 92 

422 

0.  15 

303 

0.  00 

2  22 

-30. 04 

4  02 

0.  17 

207 

-30. 28 

423 

0.78 

407 

-10. 33 

305 

0.56 

4  09 

-9.  99 

304 

0.  40 

501 

-0.  73 

359 

2.  67 

309 

-0.  79 

303 

6.  33 

454 

-21.92 

327 

2.14 

317 

-1.56 

404 

12. 29 

320 

-S.  24 

470 

23.  62 
58.31 

326 

0.  25 

557 

464 

450 

447 

32B 


-16.42 
0.  09 
13.33 
1.11 


329 

330 
326 
609 


NEGATIVE  G  STRAP 

160.04 

4  78 

-1.88 

SMOULDER  STROP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

33.64 

2.25 

12.99 

36.29 

656.01 
30.49 
265. 15 
708. 78 

331 

318 

334 

331 

-0.20 

-U.BO 

-0.05 

4.90 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

25.56 

11.03 

30.21 

41.11 

727. 12 
258. 60 
637. 26 
1000. 64 

327 

327 

329 

329 

16. 68 
5.25 
19.61 
33. 84 

RIGHT  LOP  LOADS  (LB) 

X  AXIS 

T  AXIS 
/AXIS 

RESULTANT 

24.61 

4.69 

31.47 

40.  28 

743. 76 
164.60 
719.67 
1047. 78 

327 

329 

328 

328 

15.  37 
-1.40 
24.17 
35.  42 

TOTAL  LAP  LORO  (LB) 

81.39 

2046. 09 

328 

75.90 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

62.  31 

68.94 

324 

33.  44 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

15. 26 
36.75 

I  I  7.  99 
170.01 

262. 82 
406.23 
799. 80 
1459. 72 

3  30 

325 

325 

325 

-5.21 
16.  24 
102. 63 
154. 70 

2B4 


468 

345 

465 

468 


206 

208 

746 

746 


219 

221 

223 

223 

210 


557 


7  70 
698 
193 
193 


HORIZONTAL  TEST  PHASE  TEST.  2079 

SUBJ.  G-3 

NT  i 

165.0  CELLs  B 

PREIMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

PAAAHETER 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARK 

178 

TIHE  OF  IMPACT  START 

236 

SLEO  ACCELERATION  (O 

X  AXIS 

0.  58 

390 

-9.52 

283 

X  AXIS  (SHOOTHEO) 

0.  46 

407 

-9.44 

285 

T  AXIS 

0.48 

312 

-0.61 

47' 

Z  AXIS 

2.  13 

406 

0.  2! 

302 

SLEO  VELOCITT  (FT/SEC1 

INTEGRATED  ACCELERATION 

0.01 

213 

-29. 71 

38E 

TACHOMETER  (HEASUAEO) 

0.  17 

202 

-30.04 

415 

SEAT  ACCELERATION  (G) 

X  AXIS 

0.79 

392 

-9.97 

29C 

X  AXIS  (SMOOTHED) 

0.  62 

393 

-9.  79 

265 

T  AXIS 

0.  97 

420 

-0.  67 

335 

Z  AXIS 

2.  SB 

421 

-0.  64 

286 

CHEST  ACCELERATION  (G) 

X  AXIS 

7.  53 

448 

-25.45 

3  1  C 

T  AXIS 

1 . 70 

312 

-3.56 

335 

Z  AXIS 

12.  24 

319 

-5.87 

46E 

RESULTANT 

25.  74 

310 

0.  55 

55" 

CHEST  SEVERITY  INDEX 

64.76 

HEAD  ACCELERATION  (Gl 

X  AXIS 

4.  70 

456 

-13. 36 

354 

T  AXIS 

1.09 

540 

-4.  13 

35‘ 

Z  AXIS 

5.07 

434 

-17.87 

32* 

RESULTANT 

20.99 

328 

0.  32 

76c 

HEAD  SEVERITY  INDEX 

67.24 

NEGATIVE  G  STRAP 

197. B3 

468 

-3.63 

271 

3H0UL0ER  STRAP  LOADS  (LO) 

X  AXIS 

32.81 

700. 35 

324 

-5.  30 

444 

T  AXIS 

1.27 

15.48 

355 

-5.01 

395 

Z  AXIS 

14.94 

277.32 

323 

-4.91 

465 

RESULTANT 

36.  15 

753.29 

324 

0.  78 

445 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

13.76 

628. 5! 

311 

4.59 

20S 

T  AXIS 

6.90 

290.41 

309 

3.05 

1  7  C 

Z  AXIS 

IB.  17 

709.63 

309 

10.28 

211 

RESULTANT 

23. 9B 

1  127. 62 

31  1 

16.01 

765 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

15.22 

844.88 

310 

8.49 

175 

T  AXIS 

4.01 

223. 59 

309 

-2.  23 

19‘ 

Z  AXIS 

19.61 

786. 15 

308 

12.  64 

185 

RESULTANT 

25.  28 

1176. 86 

310 

21.11 

185 

TOTAL  LAP  LOAD  (LB) 

49.26 

2303. 92 

310 

41.26 

214 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

-6.17 

7.  74 

308 

-46.45 

644 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

23.  57 

395.95 

312 

-12.18 

662 

Z  AXIS  (RIGHT) 

26.62 

455. 04 

31  1 

4.  34 

435 

Z  AXIS  (CENTER) 

112.23 

918. 98 

310 

97.  85 

185 

Z  AXIS  (SUM) 

162.42 

1 765. 34 

311 

146.89 

455 

HORIZONTAL  TEST  PURSE 


TEST:  2162 


SUB J :  J- 3 


NT:  166.0 


CELL:  B 


PARAMETER 

PREIMPACT 

AVERAGE 

IMPACT 

MAXIMUM 

TIME 

(MSEC) 

IMPACT 

MINIMUM 

T  1  ME 
(MSEC) 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

174 

239 

SLED  ACCELERATION  (Cl 

X  AXIS 

X  AXIS  (SMOOTHED! 

r  axis 

Z  AXIS 

0.61 

0.  48 

0.47 

2.  32 

394 

396 

293 

413 

-9.61 
-9.  58 
-0.51 

0.  06 

293 

295 

486 

289 

SLED  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED! 

0.01 

0.  17 

21  1 

193 

-29.98 
-30.  16 

391 

417 

SEAT  ACCELERATION  (G) 

X  AXIS 

X  AXIS  (SMOOTHED! 

r  axis 

Z  AXIS 

0.74 

0.  59 
0.04 

3. 02 

401 

399 

426 

294 

-10. 29 
-9.98 
-1.14 
-1.40 

291 

291 

421 

269 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

8.53 

0.  78 
15.40 
20.  95 
4B.  08 

436 

439 

322 

320 

-15.25 
-2.  94 
-2.94 
0.59 

317 

322 

449 

552 

HEAD  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

3.  33 
1.41 
11.57 
11.62 
37.  50 

445 

490 

433 

349 

-9.10 

-0.97 

-7.43 

0.44 

371 

421 

348 

249 

NEGATIVE  G  STRAP 

77.28 

463 

6.99 

273 

SHOULDER  STRAP  LOADS  (LB! 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

70.  76 
-0.  89 
19.90 

73.  54 

549.26 
24.80 
194.40 
582. 37 

325 

324 

324 

325 

1  .  74 
-7.09 
-0.24 
8.76 

4  27 
503 
422 

4  32 

LEFT  LAP  LOADS  (LB! 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTRNT 

43.  47 

22.  75 
60.09 

77.  62 

636.69 
235.  10 
592.79 
899.22 

310 

309 

311 

310 

24.91 
11.07 

32.91 
43.  05 

42° 

4  35 
4  2.: 

4  2c 

RIGHT  LAP  LOAOS  (LB! 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

44.36 

12.43 

64.05 

78.93 

601.25 
152. 39 
619.  14 
875.95 

310 

315 

310 

310 

26.07 
3.9: 
36.  hY 
45.  74 

427 

4?C 

4  2u 

4  2  ' 

TOTAL  LAP  LOAD  (LB) 

156.55 

1  775.  16 

310 

88. 80 

425 

SEAT  LINK  LOADS  ( L 8 ) 

T  AXIS  (CENTER! 

63.  S3 

71.26 

501 

33.26 

767 

SEAT  LOADS  (LB! 

Z  AXIS  (LEFT! 

Z  AXIS  (RIGHT! 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

56.99 

100.24 

94.32 

2S1 . 55 

388. 91 
527. 39 
67B. 71 

1 573. 77 

315 

312 

317 

31  7 

-1 1 . 60 
-8.29 
77.59 
26. 95 

4  1  :: 
50  7 
24" 
4  5 
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HORIZONTAL  TEST  PHASE  TEST:  2110 

SU8J:  J-4 

NT: 

180.0 

PARAMETER 

PREIMPACT 

IMPACT 

TIME 

I MP AC T 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

REFERENCE  MARK  . 

TIME  OF  IHPACT  START 

251 

SLED  ACCELERATION  (Cl 

X  AXIS 

0.  61 

4  05 

-9.  54 

X  AXIS  (SHOOTHEQ) 

0. 46 

424 

-9.41 

T  AXIS 

0.  48 

313 

-0.44 

Z  ftX  I  s 

2.14 

423 

-0.32 

SLED  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.  01 

239 

-  ?q  7? 

TACHOMETER  (MEASURED) 

0.  16 

205 

-30. 05 

SEAT  ACCELERATION  (G) 

X  AXIS 

0.  76 

4  I  1 

- 1 0.  16 

X  AXIS  (SMOOTHED! 

0.  6D 

410 

-9.81 

T  AXIS 

0.  84 

437 

-0.  86 

Z  AXIS 

3.  66 

305 

-1.81 

CHEST  ACCELERATION  (G) 

X  AXIS 

12.  90 

455 

-17. 78 

T  AXIS 

0.  75 

340 

-3.  81 

Z  AX  I  S 

RESULTANT 

CHEST  SEVERITY  INDEX 

13.18 
19.15 
57.  86 

316 

330 

-4.62 

0.63 

HEAD  ACCELERATION  (G) 

X  AXIS 

2.  29 

452 

-9.  42 

T  AXIS 

0.64 

340 

-0.83 

Z  AXIS 

7.  33 

445 

-0.  71 

RESULTANT 

HERO  SEVERITY  INDEX 

10.41 
42.  23 

326 

0.  27 

NEGATIVE  G  STRAP 

117. 29 

544 

1.81 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

40.  84 

605. 83 

335 

2.  96 

T  flX  i  s 

-0. 59 

24.87 

324 

-7.  01 

Z  AX  I  S 

7.  54 

158.68 

337 

-6.  76 

RESULTANT 

41.61 

625. 42 

335 

4.69 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

42.  S3 

874. 84 

323 

8.  98 

T  RX  I S 

16.49 

246. 29 

325 

4.67 

Z  AXIS 

60.49 

834. 36 

323 

19.  45 

RESULTANT 

75.  B3 

1233. 29 

324 

28.  65 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

42.35 

832. 22 

323 

10.  90 

T  AXIS 

12.  84 

226. 73 

324 

3.45 

Z  RX  I  5 

59.46 

838. 91 

322 

20.31 

RE  Sul  t rn  t 

74.  16 

1200. 86 

323 

30.07 

TOTAL  LAP  LOAD  (LB) 

149.98 

2433.91 

323 

64.87 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

89.45 

155.85 

326 

-63.41 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

4  7.  18 

508. 1 9 

329 

-14.  16 

Z  AXIS  (RIGHT) 

70. 29 

521.41 

328 

-  1 Z.  75 

Z  AXIS  (CENTER) 

146.13 

1131.48 

328 

133.73 

Z  AXIS  (SUM) 

263. 60 

2 1 59. 56 

330 

1 49. 86 

CELL:  B 


TIME 

(MSEC) 


303 

303 

503 

299 


901 

428 


300 

301 
442 
300 


328 

351 

495 

582 


321 

442 

367 

226 


294 


442 

461 

7B9 

445 


764 

760 

790 

790 


729 

725 

761 

761 

761 


456 


429 

643 

227 

479 
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HORIZONTAL  TEST  PHASE 

TEST:  2144 

SUB  J :  K-l 

NT: 

179.0  CELL:  B 

PREIMPACT 

IMPACT 

T  IMC 

IMPACT 

TIME 

PARAMETER 

AVERAGE 

MAXIMUM 

(MSEC1 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

222 

TIHE  OF  IMPACT  START 

287 

SLEO  ACCELERATION  (G) 

X  AXIS 

0.  6! 

440 

-9.63 

341 

X  AXIS  (SMOOTHED) 

0.49 

442 

-9.  58 

340 

T  AXIS 

0.  49 

341 

-0.4  1 

537 

Z  AXIS 

2.29 

458 

0.  16 

3  SO 

SLED  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

276 

-29. 98 

436 

TACHOMETER  (HEASUREG) 

0.  17 

273 

-30. 22 

463 

SEAT  ACCELERATION  (G) 

X  AXIS 

0.77 

447 

-10. 3S 

338 

X  AXIS  (SMOOTHED) 

0.61 

445 

-10. 08 

3  3fi 

T  AXIS 

1 . 03 

473 

-0.  59 

478 

Z  AXIS 

2.  90 

342 

-1  .  OS 

337 

CHEST  ACCELERATION  (G) 

X  AX  IS 

5.87 

505 

-20.44 

36e 

T  AXIS 

1 . 86 

497 

-1.65 

469 

Z  AXIS 

18.12 

369 

-4.68 

S2E 

RESULTANT 

27.27 

369 

0.48 

6  1  9 

CHFST  SEVERITT  INOEX 

65.  17 

HEAD  ACCELERATION  (Gl 

X  AXIS 

3.  32 

509 

-10. 56 

37C 

T  AXIS 

1.02 

516 

-1.55 

407 

Z  AXIS 

5.93 

495 

-13.19 

386 

RESULTANT 

15.  96 

366 

0.42 

28S 

HEAD  SEVERITT  INDEX 

41.70 

NEGATIVE  G  STRAP 

95.65 

520 

3.  39 

7  76 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

47.24 

799. 14 

371 

4.55 

48C 

T  AXIS 

0.57 

22. 52 

378 

-7.  08 

4  45 

Z  AXIS 

17.23 

289.05 

373 

-5.  35 

486 

RESULTANT 

50.40 

849-25 

372 

6.  37 

489 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

36.  41 

793.93 

363 

11.94 

712 

T  AXIS 

11.78 

233. 27 

365 

2.  20 

790 

Z  AXIS 

46.14 

731.78 

364 

20.48 

724 

RESULTANT 

59.  99 

1 I 04. 40 

364 

30. 99 

777 

RIGHT  LHP  LOADS  (LBI 

X  AXIS 

36.67 

759. 73 

363 

13.  76 

802 

T  AXIS 

10.40 

220. 80 

364 

1  .  32 

73E 

Z  AXIS 

47.84 

754.26 

363 

21.83 

761 

RESULTANT 

61.23 

1092.08 

363 

33.20 

761 

TOTAL  LAP  LOAD  (LB) 

121.22 

2195.75 

364 

65 .  73 

761 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER! 

-67. 76 

-0.  86 

368 

-69.38 

239 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFTI 

78. 64 

467. 28 

364 

-1.77 

579 

Z  AXIS  (RIGHT) 

59.43 

497. 98 

366 

-2.  79 

492 

Z  AXIS  (CENTER) 

91.90 

869.52 

366 

73.  19 

302 

Z  AXIS  (SUM) 

229.97 

1934. 79 

366 

158. 08 

522 

HORIZONTAL  TEST  PHASE 

TESTi  2114 

SUBJ:  P-3 

NTs 

197.0  CELL:  8 

PREIMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARK 

190 

TIME  OF  IMPACT  START 

251 

SLED  ACCELERATION  (G! 

X  AXIS 

0.58 

405 

-9.49 

298 

X  AXIS  (SMOOTHED) 

0.48 

423 

-9.  39 

299 

T  AXIS 

O.SI 

305 

-0. 52 

503 

Z  AXIS 

2.  04 

422 

0.  08 

301 

SLEO  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.  01 

226 

-29. 66 

400 

TACHOMETER  (MEASURED) 

0.  22 

197 

-29. 93 

428 

SEAT  ACCELERATION  (GJ 

X  AXIS 

0.  81 

410 

-10.  10 

303 

X  AXIS  (SMOOTHED) 

0.64 

409 

-9.  86 

302 

T  AXIS 

0.  85 

436 

-0.  77 

430 

Z  AXIS 

3.  25 

437 

-1.09 

301 

CHEST  ACCELERATION  IG) 

X  AXIS 

5.  17 

471 

-13. 93 

330 

T  AXIS 

3.  33 

381 

-3.  22 

489 

Z  AXIS 

16.  48 

337 

-5.  25 

466 

RESULTANT 

20.94 

337 

0.  44 

599 

CHEST  SEVERITY  INDEX 

54.  37 

HEAD  ACCELERATION  (G) 

X  AXIS 

2.86 

503 

-11.11 

370 

Y  AXIS 

1.69 

344 

-1.70 

490 

Z  RXIS 

2.  02 

4  78 

-11.07 

355 

RESULTANT 

14.25 

358 

0.  28 

763 

HEAD  SEVERITY  INDEX 

50.43 

NEGATIVE  G  STRAP 

IBS. 76 

486 

5.  10 

281 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

30.  32 

759.92 

358 

0.  91 

465 

Y  AXIS 

0.  34 

37.  55 

330 

-4.58 

224 

Z  AXIS 

4.33 

144. 77 

332 

-8.52 

226 

RESULTANT 

30.  79 

771.88 

358 

1.88 

470 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

23.09 

800. 54 

322 

11.15 

774 

Y  AXIS 

8.  19 

223. 02 

324 

1 . 34 

776 

Z  AXIS 

29.  93 

755.65 

322 

14.47 

785 

RESULTANT 

38.  74 

1 122. 98 

322 

22. 60 

785 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

24.26 

783. 39 

321 

9.  80 

773 

T  AXIS 

7.  69 

229. 30 

321 

0.94 

21  1 

Z  AXIS 

30.65 

779. 33 

321 

16.13 

782 

RESULTANT 

39.89 

1128.56 

321 

20.94 

787 

TOTAL  LAP  LORO  (LB) 

78.63 

2249. 54 

322 

45.  56 

785 

SEAT  LINK  LOADS  (LB) 

Y  AXIS  (CENTER) 

78.  37 

109. 27 

321 

30.  78 

471 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

46.  75 

482. 24 

323 

-B.  13 

433 

Z  AXIS  (RIGHT) 

69.44 

S72. 03 

323 

-7.65 

606 

Z  AXIS  (CENTER) 

127.60 

875.72 

322 

116.57 

256 

Z  AXIS  (SUM) 

243. 79 

1929. 99 

323 

142.11 

482 
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HORIZONTAL  TEST  PHASE 


TESTi  2076 


SUB J :  R-2 


NT:  142.0 


CELL:  B 


PflE IMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSECJ 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

204 

266 

SLEO  ACCELERATION  (Gl 

X  AXIS 

0.51 

420 

-9.  59 

313 

X  AXIS  (SMOOTHEO) 

0.  35 

420 

-9.  52 

314 

T  AXIS 

0.49 

315 

-0.31 

511 

Z  AXIS 

2.18 

437 

0.  10 

428 

SLEO  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.  01 

252 

-30. 1 1 

4  15 

TACHOMETER  (MEASURED) 

0.  17 

218 

-30. 51 

439 

SEAT  ACCELERATION  (G) 

X  AXIS 

0.  68 

421 

-10.31 

319 

X  AXIS  (SMOOTHED) 

0. 56 

422 

-9.  97 

318 

T  AXIS 

0.  67 

450 

-0.  49 

351 

Z  AXIS 

2.  68 

423 

-0.  86 

428 

CHEST  ACCELERATION  (G) 

X  AXIS 

9.  98 

449 

-26.86 

339 

T  AXIS 

2. 42 

414 

-4.38 

346 

Z  AXIS 

1  7.  74 

347 

-6.06 

408 

RESULTANT 

CHEST  SEVERITT  INDEX 

27. 25 
88.  87 

339 

0.  79 

555 

HEAD  ACCELERATION  (G) 

X  AXIS 

1 . 64 

519 

-17. 79 

353 

T  AXIS 

0.05 

522 

-2.61 

343 

Z  AXIS 

2.  32 

456 

-16.91 

341 

RESULTANT 

HEAD  SEVERITT  INDEX 

21.94 
67.  1  1 

342 

0.  16 

551 

NEGATIVE  G  STRAP 

1 12. 34 

517 

-4.39 

279 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

23.05 

724.50 

361 

-0.91 

652 

T  AXIS 

0.61 

33.  95 

345 

-7.04 

462 

Z  AXIS 

10.90 

292. 2E 

356 

-9.44 

657 

RESULTANT 

25.  61 

778.65 

361 

5.41 

652 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

10.61 

60U . 03 

331 

-0.35 

200 

T  AXIS 

6.99 

219. 33 

333 

4.69 

219 

Z  AXIS 

12.75 

549. 36 

332 

3.43 

230 

RESULTANT 

IB.  29 

B45. 43 

333 

13.  97 

205 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

11.25 

595.47 

334 

5.  22 

224 

T  AXIS 

5.  13 

194.31 

331 

-1.07 

235 

Z  AXIS 

12.35 

562. 27 

332 

6.28 

204 

RESULTANT 

17.67 

839. 65 

332 

13.69 

204 

TOTAL  LHP  LOAD  (LB) 

35.  97 

1684. 77 

332 

29.67 

246 

SERT  LINK  LOROS  (LB) 

T  AXIS  (CENTER) 

-62. 60 

136.50 

447 

-146.29 

504 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

27.  62 

263. 73 

326 

-16.48 

474 

Z  AXIS  (RIGHT) 

7.  95 

267. 87 

339 

-12. 87 

669 

Z  AXIS  (CENTER) 

101.39 

771.79 

338 

90.  1  1 

209 

Z  AXIS  (SUM) 

136. 96 

1254.67 

338 

126.17 

251 

HORIZONTAL  TEST  PHASE  TEST i  2163 

SUB J :  R-3 

NT i  153. 

0  CELL:  B 

PREIMPACT 

IMPACT 

TIME 

IMPACT 

T  I  ME 

PARAME  TER 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARM 

201 

TIME  OF  IMPACT  START 

265 

SLED  ACCELERATION  (G 1 

X  AXIS 

0.  60 

420 

-9.  7! 

319 

X  AXIS  (SMOOTHED) 

0.48 

422 

-9.  64 

321 

T  AXIS 

0.  44 

314 

-0.40 

520 

Z  AXIS 

2.  37 

439 

0.  1  3 

330 

SLED  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.  01 

2S8 

-30. 04 

4  1  6 

TACHOMETER  (MEASURED) 

0.  17 

214 

-30. 22 

437 

SEAT  ACCELERATION  (G) 

X  AXIS 

0.84 

426 

-10.41 

316 

X  AXIS  (SMOOTHED) 

0.  60 

425 

-10.09 

310 

T  AXIS 

0.88 

454 

-0.  92 

46C 

Z  AXIS 

4.  23 

455 

-1.14 

432 

CHEST  ACCELERATION  (G! 

X  AXIS 

12.58 

472 

-19.66 

342 

T  AXIS 

1 . 29 

476 

-1.54 

456 

Z  AXIS 

11.82 

346 

-6.96 

SOI 

RESULTANT 

22.  17 

345 

0.  44 

637 

CHEST  SEVERITY  INDEX 

63.  51 

HE AO  ACCELERATION  (G) 

X  AXIS 

5.  47 

538 

-10.40 

343 

T  AXIS 

1.12 

530 

-1.25 

362 

Z  AXIS 

8.  57 

464 

-2.  78 

506 

RE5UL TANT 

10.41 

343 

0.  48 

75C 

HEAD  SEVERITY  INDEX 

29.87 

NEGATIVE  G  STRAP 

116.78 

500 

-5.60 

299 

SHOULDER  STRAP  L0AD5  (LB) 

X  AXIS 

59.  69 

727. 23 

345 

-6.  09 

464 

Y  AXIS 

U.OS 

34.02 

331 

-4.69 

456 

Z  AXIS 

27.  54 

303.84 

343 

-5.  16 

469 

RESULTANT 

65.90 

788. 79 

345 

0.  36 

476 

LEFT  LHP  LOADS  (LB) 

X  AXIS 

31.62 

6B2. 28 

343 

1.43 

786 

Y  AXIS 

12.97 

232. 59 

342 

1 . 52 

756 

Z  AXIS 

41.48 

650. 21 

343 

8.65 

791 

RESULTANT 

53. 83 

970.76 

343 

17.66 

791 

RIGHT  LHP  LOADS  (LB) 

X  AXIS 

29.03 

683.48 

343 

7.64 

76C 

Y  AXIS 

12.28 

238.10 

343 

0.86 

796 

Z  AXIS 

39. 97 

681.14 

343 

20.  52 

696 

RESULTANT 

50.96 

993.87 

343 

26.63 

799 

TOTAL  LAP  LOAD  (LB) 

104.79 

1964.63 

343 

48.47 

799 

SEAT  LINK  LOADS  (LB' 

T  AXIS  (CENTER! 

-59.81 

27.  77 

512 

-192. 73 

471 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

9.44 

222. 89 

343 

-14.68 

606 

Z  AXIS  (RIGHT) 

7.  95 

351.82 

346 

-9.  35 

446 

Z  AXIS  (CENTER) 

181.95 

794. 35 

344 

118.66 

501 

Z  AXIS  (SUM) 

199. 34 

1361.46 

345 

122. 29 

496 
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HORIZONTAL  TEST  PHASE 

TESTi  2096 

SUBJs  T-l 

NT  i 

168.0  CELL:  8 

PREIHPHCT 

IMPACT 

TIME 

IMPACT 

TIME 

PAAAHETER 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARK 

222 

TIRE  OF  IMPACT  START 

262 

SLEO  ACCELERATION  (G) 

X  AXIS 

0.57 

434 

-9.  57 

33C 

X  AXIS  (SHOOTHED) 

0.49 

452 

-9.  53 

332 

T  AXIS 

0.51 

336 

-0.62 

516 

Z  AXIS 

1.92 

450 

-0.  15 

332 

SLED  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.  01 

269 

-29. 97 

431 

TACHOMETER  (MEASURED) 

0.04 

225 

-30. 29 

452 

SEAT  ACCELERATION  (Gl 

X  AXIS 

0.71 

438 

-10.17 

332 

X  AXIS  (SMOOTHEO) 

0.  63 

436 

-9.  95 

33: 

T  AXIS 

0.  72 

461 

-0.64 

386 

Z  AXIS 

3.06 

337 

-1.22 

332 

CHEST  ACCELERATION  1G) 

X  AXIS 

7.60 

465 

-29. 21 

35' 

T  AXIS 

2.  05 

478 

-4.96 

356 

Z  AXIS 

10.  08 

341 

-3.64 

49' 

RESULTANT 

30.  91 

357 

0.  15 

596 

CHEST  SEVERITT  INDEX 

86.  44 

HEAD  ACCELERATION  (G) 

X  AXIS 

3.73 

492 

-12.27 

39C 

T  AXIS 

1.68 

367 

-0.52 

39 

Z  AXIS 

6.90 

484 

-9.07 

38U 

RESULTANT 

14.65 

367 

0.44 

816 

HEAD  SEVERITT  INDEX 

46.  85 

NEGATIVE  G  STRAP 

168.07 

509 

-3.89 

31' 

SHOULOER  STRAP  LOADS  (LB) 

X  AXIS 

US.  9*1 

805. 19 

3  70 

-11.15 

486 

T  AXIS 

2.  19 

29.  19 

343 

-7.  24 

49: 

Z  AXIS 

22.29 

315.22 

368 

-1 . 07 

50 

RESULTANT 

S3.  89 

863.99 

370 

1.48 

501 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

19.  66 

756. 48 

356 

13.  96 

e  i ; 

T  AXIS 

9.  24 

220.27 

356 

5.63 

785 

Z  AXIS 

25.  86 

692.85 

356 

15.42 

805 

RESULTANT 

33.68 

1049. 20 

356 

24.78 

81 

RIGHT  LAP  LOAOS  (LB) 

X  AXIS 

21.50 

771.99 

355 

10.  95 

22( 

T  AXIS 

7.  79 

239.45 

356 

6.  01 

22L 

Z  AXIS 

27.21 

759.96 

355 

25.  48 

221 

RESULTANT 

35.60 

1109.44 

356 

30.24 

22L 

TOTAL  LHP  LOAO  (LBI 

69.48 

2158.64 

356 

61.50 

27E 

SEAT  LINK  LOROS  (LB) 

T  AXIS  (CENTER) 

29.  38 

60.  74 

352 

-55. 1 1 

72f 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFTI 

17.27 

348. 10 

358 

-14.35 

62? 

Z  AXIS  (f.IGHTI 

26.66 

505. 64 

357 

-5.55 

49' 

Z  AXIS  (CENTER) 

136. 65 

842.63 

353 

123. 76 

285 

Z  AXIS  (SUN) 

160. 59 

1681.13 

357 

173. 78 

285 

HORIZONTAL  TEST  PHASE 

TEST.  2115 

SUB J :  H-U 

NT: 

192.0  1 

:ell:  8 

PREIMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARK 

221 

TIME  OF  IMPACT  START 

283 

SLEO  ACCELERATION  IC) 

X  AXIS 

0.62 

437 

-9.  55 

336 

X  AXIS  (SMOOTHED) 

0.48 

456 

-9.43 

333 

T  AXIS 

0.  48 

346 

-0.52 

539 

Z  AXIS 

2.  OS 

45S 

0.  13 

447 

SLEO  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERAT I 

ON 

0.00 

220 

-29.62 

433 

TACHOMETER  (MEASURED) 

0.22 

270 

-29.82 

458 

SEAT  ACCELERATION  (Cl 

X  AXIS 

0.79 

444 

-10.  12 

336 

X  AXIS  ISMOOTMEO) 

0.61 

442 

-9.  88 

335 

T  AXIS 

1.02 

469 

-0.  57 

464 

Z  AXIS 

2.  72 

340 

-0.  83 

334 

CHEST  ACCELERATION  IG) 

X  AXIS 

9.  73 

495 

-26.66 

365 

T  AXIS 

2.21 

403 

-3.40 

415 

Z  AXIS 

23.  92 

371 

-6.65 

362 

RESULTANT 

33.  30 

370 

0.56 

616 

CHEST  SEVERITY  INDEX 

91.00 

HERO  ACCELERATION  (G) 

X  AXIS 

4.43 

507 

-13.18 

394 

T  AXIS 

0.71 

498 

-1.69 

451 

Z  AXIS 

8.94 

502 

-13.49 

388 

RESULTANT 

17.69 

389 

0.62 

607 

HEAD  SEVERITY  INDEX 

42.63 

NEGATIVE  G  STRAP 

259.93 

529 

20.81 

306 

9HOUL0ER  STRAP  LOADS  (LB) 

X  AXIS 

43.92 

692.17 

368 

-7.55 

502 

Y  AXIS 

-1.18 

42. B1 

367 

-9.S6 

400 

Z  AXIS 

13.92 

238.92 

368 

-6.81 

513 

RESULTANT 

46.  13 

733.49 

366 

0.75 

491 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

27.97 

941.20 

360 

6.27 

818 

T  AXIS 

6.36 

277.86 

361 

2.23 

799 

Z  AXIS 

39.  13 

926.57 

360 

18.01 

787 

RESULTANT 

48.  57 

1349. IB 

360 

27.  13 

767 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

23.36 

873.82 

360 

7.28 

768 

T  AXIS 

6.  86 

307. 45 

360 

2.97 

756 

Z  AXIS 

31.51 

902.47 

360 

18.22 

786 

RESULTANT 

40. 31 

1293. 26 

360 

25.  71 

815 

TOTAL  LAP  LOAD  (LB) 

68.88 

2642.44 

360 

55.33 

815 

SEAT  LINK  LOROS  (LB) 

T  AXIS  (CENTER) 

-71 . 50 

98.63 

507 

-73.29 

2b6 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

50.89 

480. 71 

363 

1 . 00 

500 

Z  AXIS  (RIGHT) 

33. 63 

507. 09 

365 

-13.41 

613 

Z  AXIS  (CENTER) 

147.24 

1176.34 

367 

125. 93 

290 

Z  AXIS  (SUM) 

231.77 

2154.95 

365 

213.91 

229 

123 


SUBJ  ID*  R-2 


TIME  IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO*  3076  SU»J  ID*  R-2 


IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY 


frSSS.'mi'&Ctt'SMl  ••  vvv* 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO>  2076  SUBJ  ID!  R-2 


TIPIE  IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY  TEST  NOt  2#?6  SUBJ  ID*  H-2 


900 


RESTRAINT  CONFIGURATION  STUDV  TEST  ft 


IN  MILLISECONDS 


HORIZONTAL  TEST  PHASE 

TESTi  2137 

SUB Ji  B-2 

HT: 

186.0  ,( 

:ell:  c 

PREIMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

AVERAGE 

MAX  I  MUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

216 

TIME  OF  IMPACT  START 

279 

SLED  ACCELERATION  (C) 

X  AXIS 

0.57 

432 

-9.58 

329 

X  AXIS  (SMOOTHED) 

0.44 

433 

-9.  53 

32E 

r  axis 

0.  49 

333 

-0.  4  1 

525 

Z  AXIS 

2.  19 

U49 

0.  1  0 

32E 

SLEO  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

263 

-30.il 

42E 

TACHOMETER  (MEASURED) 

0.04 

211 

-30.35 

44'J 

SEAT  ACCELERATION  (G) 

X  AXIS 

0.  74 

435 

-10.22 

33C 

X  AXIS  (SMOOTHED) 

0.60 

435 

-10.00 

325 

T  AXIS 

0.  55 

463 

-0.  75 

38E 

Z  AXIS 

2.88 

334 

-1.04 

329 

CHEST  ACCELERATION  (G) 

X  AXIS 

5.  17 

457 

-12. 57 

35  . 

T  AXIS 

2.  20 

400 

-3.85 

4  5£ 

Z  AXIS 

9.26 

388 

-6.31 

37C 

RESULTANT 

14.94 

335 

0.  60 

49: 

CHEST  SEVERITY  INDEX 

36.55 

HEAD  ACCELERATION  (G) 

X  AXIS 

2.09 

524 

-15.24 

39: 

T  AXIS 

0.  76 

575 

-2.  96 

391 

Z  AXIS 

3. 40 

453 

-10. 79 

381 

RESULTANT 

16.  46 

391 

0.68 

585 

HEAO  SEVERITY  INDEX 

65.  1 1 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

33.05 

690.70 

351 

4.  B2 

47L 

T  AXIS 

0.  SB 

31.86 

341 

-7.  99 

43f 

Z  AXIS 

11.19 

238.83 

351 

-6.91 

471 

RESULTANT 

35.01 

731 .43 

351 

7.19 

48" 

LEFT  LAP  LOROS  (LBI 

X  AXIS 

25.01 

558. 64 

356 

8.54 

80! 

Y  AXIS 

9.57 

216.38 

358 

5 . 25 

77! 

Z  AXIS 

37.  70 

646. 43 

356 

28.  77 

2  1 ! 

RESULTANT 

>16.  33 

880. 77 

356 

36.  84 

RIGHT  LAT  LOADS  (LB) 

X  AXIS 

21.70 

526.75 

355 

9.  34 

8  0  ( 

Y  AXIS 

8.63 

196.64 

358 

5.  28 

771 

Z  AXIS 

35.21 

663.25 

356 

29.  30 

231 

RESULTANT 

42.  29 

866.41 

356 

36.  74 

BO1 

TOTAL  LHP  LOAD  (LB) 

SB.  62 

1749.  18 

356 

75.61 

80! 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

-79. 49 

77.  70 

793 

-89.23 

52! 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

29.  03 

365.28 

362 

-7.  83 

53 

Z  AXIS  (RIGHT) 

18.18 

329.69 

363 

-13.26 

52 

Z  AXIS  (CENTERI 

169.55 

912.34 

354 

85.  03 

50' 

Z  AXIS  (SUM) 

216-78 

1 547. 67 

357 

88.  27 

50! 

V  V  •  .*  V  /  .■  .*  .*  --  .  .  -  .  -r.- 


MORI  ZOMT AL  TEST  PHASE  TESTi  2134 

SUB J :  B-4 

HTt 

203.0  CELL:  C 

PREIMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

164 

TIME  OF  IMPACT  START 

254 

SLED  ACCELERATION  (C) 

X  AXIS 

o.se 

407 

-9.66 

306 

X  AXIS  (SMOOTHEO) 

0.41 

406 

-9.  56 

306 

T  AXIS 

0.48 

305 

-0.  38 

506 

Z  AXIS 

l.BB 

423 

0.  05 

302 

SLED  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.00 

206 

-30. 1 1 

403 

TACHOMETER  (MEASURED) 

0.21 

189 

-30. 35 

427 

SEAT  ACCELERATION  (Gl 

X  AXIS 

0.66 

410 

-10. 29 

303 

X  AXIS  (SMOOTHED) 

0.  58 

410 

-10. 01 

303 

T  AXIS 

0.57 

425 

-0.  76 

430 

l  AXIS 

3.08 

307 

-1.23 

302 

CHEST  ACCELERATION  (G) 

X  AXIS 

3.28 

428 

-13. 66 

311 

T  AXIS 

0.82 

319 

-1.45 

443 

Z  AXIS 

8.  76 

310 

-2.  55 

481 

RESULTANT 

16.  09 

310 

0.  67 

570 

CHEST  SEVERITY  INDEX 

32.05 

HEAD  ACCELERATION  (G) 

X  AXIS 

1.90 

460 

-15.11 

333 

T  AXIS 

1.59 

325 

-0.37 

396 

l  AXIS 

2.  33 

455 

-12. 22 

333 

RESULTANT 

19.  45 

333 

0.  36 

771 

HEAD  SEVERITT  INDEX 

73.27 

SHOULOER  STRAP  LOADS  (LSI 

X  AXIS 

32.  73 

845.59 

331 

-4.  35 

452 

T  AXIS 

1.71 

20.  74 

340 

-5.  44 

463 

l  AXIS 

10.36 

265.93 

330 

-4.14 

449 

RESULTANT 

34.53 

886.61 

331 

1.76 

464 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

S0.B9 

657.46 

328 

21.02 

195 

T  AXIS 

11.45 

227.83 

327 

7.  32 

1 90 

Z  AXIS 

39. 87 

700.  10 

329 

32.64 

185 

RESULTANT 

51.72 

985.66 

326 

46.51 

165 

RIGHT  LAP  LOROS  (LB) 

X  AXIS 

30.04 

634.95 

326 

19.59 

180 

T  AXIS 

7.05 

200. 30 

326 

1.12 

246 

Z  AXIS 

41.03 

74 1 . 62 

326 

31.76 

241 

RESULTANT 

51.  OB 

996.64 

328 

45.  60 

241 

TOTAL  LAP  LOAD  (LB) 

103.59 

1982.29 

328 

98.09 

248 

SEAT  LINK  LOROS  (LB) 

T  AXIS  (CENTER) 

63.25 

87.84 

322 

24.93 

479 

SEAT  LOAOS  (LB) 

Z  AXIS  (LEFT) 

8.  62 

331.78 

343 

-1.74 

457 

Z  AXIS  (RIGHT) 

44.  28 

465.05 

332 

14.  36 

596 

l  AXIS  ICENTERI 

124.19 

836.99 

327 

108.62 

217 

Z  AXIS  (SUM) 

177.09 

1596. 70 

330 

147. 52 

461 

1 


HORIZONTAL  TEST  PHASE 


TESTs  2111 


SUBJ:  B- 1 


NTs  1N9.0 


CELL:  C 


PARAMETER 

PREIMPACT 

AVERAGE 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

SLED  ACCELERATION  (Cl 

X  AX  1  S 

X  AXIS  (SMOOTHEO! 

T  AXIS 

Z  AXIS 

SLEO  VELOCITT  (FT/SEC) 

INTEGRATED  ACOELERAT I ON 
TACHOMETER  (MEASURED! 

SEAT  ACCELERATION  <GI 

X  AX  I  S 

X  AXIS  (SMOOTHEO) 

T  AXIS 

Z  AXIS 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

31.59 
7.  06 
13.43 
35.  10 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

25.01 
16.66 
39.  33 
49.59 

RIGHT  LHP  LORDS  (LB) 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

26.07 

14.34 

40.42 

50.25 

TOTAL  LAP  LOAD  (LB) 

99. 83 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

-33.65 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

13.  19 
51.78 
107. 71 
172.67 

IMPACT 

TIME 

IMPACT 

TIME 

MAXIMUM 

(MSEC) 

MINIHUH 

(MSEC) 

163 

221 

0.  49 

378 

-9.44 

272 

0.  34 

379 

-9.  39 

278 

0.  49 

288 

-0.  31 

505 

1 . 96 

396 

0.  06 

389 

0.00 

197 

-29.81 

374 

0.22 

213 

-30.  16 

401 

0.  61 

380 

-10.12 

276 

0.  52 

381 

-9.87 

276 

0.  49 

391 

-0.69 

403 

2.  67 

280 

-1.04 

275 

3.45 

426 

-14.22 

283 

0.  73 

322 

-3.  28 

340 

7.  72 

405 

-4.47 

322 

15.  77 

a  c  ii 

263 

0.49 

469 

1.95 

485 

-16.55 

353 

I.B2 

425 

-1.63 

343 

4.86 

383 

-13.66 

297 

19.  90 
74.83 

351 

0.  38 

442 

530.01 

349 

12.  14 

416 

28.21 

322 

-3.67 

362 

195. 81 

296 

3.  60 

184 

558. 58 

349 

16.  76 

U20 

506.42 

293 

15.05 

206 

256.77 

295 

12.81 

226 

590. 36 

293 

28.  49 

161 

819. 24 

293 

41.22 

161 

490. 23 

293 

20.  55 

1  75 

245.23 

295 

0.26 

1  95 

609. 29 

293 

32.  79 

215 

819.19 

294 

44.41 

215 

1637. 36 

294 

90.  35 

161 

85.07 

669 

-165. 95 

387 

175. S3 

302 

-16. 36 

427 

307. 99 

298 

10.56 

509 

928. 21 

296 

85.  40 

231 

1 390. 38 

297 

161.67 

231 

135 


4  /I 


V  l\ 


il-H 


HORIZONTAL  TEST  PHASE 

TESTi  21S1 

SUBJi  6-3 

HTt 

180.0  CELL:  C 

PREIMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REPERENCE  MARK 

176 

TIME  OF  IMPACT  START 

241 

SLEO  ACCELERATION  (G) 

X  AXIS 

0.61 

396 

-9.  56 

294 

X  AXIS  (SMOOTHED) 

0.  47 

396 

-9.  49 

295 

T  AXIS 

0.45 

288 

-0.45 

480 

Z  AXIS 

2.  1 1 

412 

0.  00 

290 

SLED  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

215 

-29. 88 

391 

TACHOMETER  (MEASURED) 

0.22 

177 

-30.17 

415 

SEAT  ACCELERATION  (G) 

X  AXIS 

0.  68 

399 

-10.20 

291 

X  AXIS  (SMOOTHEO) 

0.58 

398 

-9.94 

291 

T  AXIS 

0.42 

490 

-0.  67 

346 

Z  AXIS 

3.  23 

295 

-1.41 

290 

CHEST  ACCELERATION  (G) 

X  AXIS 

7.  1 1 

427 

-10. 88 

297 

T  AXIS 

2.33 

409 

-3.  95 

423 

Z  AXIS 

9.  77 

320 

-2.  23 

439 

RESULTANT 

13.  79 

297 

0.  13 

531 

CHEST  SEVERITY  INDEX 

32.  19 

HERO  ACCELERATION  (G) 

X  AXIS 

2.99 

434 

-10.98 

360 

T  AXIS 

1.82 

396 

-1. 42 

356 

Z  AXIS 

8.06 

426 

-5.42 

456 

RESULTANT 

11.36 

360 

0.60 

685 

HEAO  SEVER  ITT  INDEX 

32.84 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

60.29 

525.34 

313 

15.38 

429 

T  AXIS 

7.  10 

23.54 

302 

-3.  78 

433 

Z  AXIS 

22.46 

240. 48 

311 

6.  91 

428 

RESULTANT 

64.  76 

578. 16 

313 

16.  93 

429 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

70.  75 

622. 63 

3  1 S 

38.  19 

713 

T  AXIS 

39.41 

264.94 

311 

25,  66 

708 

Z  AXIS 

111.46 

702. 89 

312 

73.28 

745 

RESULTANT 

137. 80 

975.79 

315 

92.  36 

745 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

67. 97 

608.88 

314 

36.22 

649 

T  AXIS 

34. 56 

260. 58 

316 

20.81 

700 

Z  AXIS 

99.50 

686. 76 

315 

67.  17 

695 

RESULTANT 

125. 39 

953.40 

315 

82.  33 

719 

TOTAL  LAP  LO AO  (LB) 

263.19 

1929. 19 

315 

178. 25 

745 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

-34.23 

66.  00 

727 

-87.85 

655 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

90.70 

418. 25 

312 

-9.69 

646 

Z  AXIS  (RIGHT) 

69.81 

413. 31 

313 

-7.  04 

4  1  6 

Z  AXIS  (CENTER) 

151.77 

979. 95 

318 

137.14 

211 

Z  AXIS  (SUM) 

312. 28 

1796.01 

313 

264.00 

458 

HORIZONTAL  TEST  PHASE  TESTi  2097 

PARAMETER 

PREIMPACT 

AVERAGE 

REFERENCE  HARK 

TIME  OF  IMPACT  START 

SLEO  ACCELERATION  (G> 

X  AXIS 

X  AXIS  (SHOOTHEDI 

r  axis 

Z  AXIS 

SLED  VELOCITY  (FT/SEC! 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (Cl 

X  AXIS 

X  AXIS  (SHOOTHEO) 

T  AXIS 

Z  AXIS 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INOEX 

MEAD  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

MEAD  SEVERITY  INDEX 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

19.37 
0.02 
9.05 
21. S3 

LEFT  LAP  LOROS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

10.0)6 
5.23 
IS. 82 
19.87 

RIGHT  LHP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

12.51 
3.  76 
16.21 
21.01 

TOTAL  LAP  LOAD  (LB) 

NO.  BB 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

7.  BO 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

20.  2B 
35.84 
115.14 
171.27 

SUB J i  C-2 

NT  i 

185. 0 

CELL:  C 

IMPACT 

TIME 

IMPACT 

TIME 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

235 

292 

0.55 

445 

>9.62 

339 

0.  38 

448 

-9.  52 

339 

0.49 

346 

-0.58 

545 

2.  10 

461 

0.  03 

3U2 

0.  00 

249 

-30. I 1 

441 

0.21 

2B5 

-30.41 

463 

0.75 

447 

-10.23 

343 

0.  57 

447 

-9.  99 

343 

0.55 

5  77 

-0.  64 

410 

2.  BO 

347 

-1.13 

342 

2.  28 

4  76 

-13.83 

344 

3.59 

398 

-2.84 

389 

18.  59 

402 

-11.67 

383 

18.  66 
49.58 

402 

0.  52 

573 

2.50 

5 1 9 

-18. 43 

3  72 

1.64 

599 

-2.  24 

569 

6.65 

4  36 

-11.99 

366 

20.93 

n  •»  *vr 

370 

0.  75 

255 

97.25 


671.10 

359 

-2.85 

498 

36.80 

412 

-8.  74 

532 

267.83 

359 

-2.24 

489 

723.  09 

359 

1.  18 

495 

645.62 

362 

1.76 

284 

249. 24 

362 

-0.59 

261 

742. 34 

364 

7.  13 

238 

1014.61 

364 

14.64 

238 

612. 50 

361 

4.67 

246 

240. 39 

363 

0.61 

254 

749. 62 

363 

B.  99 

287 

997.43 

363 

17.04 

262 

2010. 59 

363 

34.  58 

238 

38.47 

362 

4.83 

491 

312. 56 

364 

-14.86 

509 

324.47 

365 

4.28 

529 

988. 94 

363 

43.  88 

519 

1619. 89 

363 

50.  04 

529 

137 


HORIZONTAL  TEST  PHASE 

TEST i  2146 

SUBJi  E-2 

NT: 

174.0  CELL:  C 

PRE1HPACT 

IMPACT 

TIME 

IMPACT 

TIME 

PARAHETER 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARK 

173 

TIHE  OF  IMPACT  START 

239 

SLEO  ACCELERATION  (Gt 

X  AXIS 

0.59 

391 

-9.58 

292 

X  AXIS  (SMOOTHED) 

0.  46 

394 

-9.  53 

29C 

T  AXIS 

0.47 

292 

-0.52 

476 

Z  AXIS 

2.  33 

411 

0.  14 

2BS 

SLEO  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

224 

-30. 09 

386 

TACHOMETER  (HEASUREO) 

0.06 

170 

-30.62 

42C 

SEAT  ACCELERATION  (Gl 

X  AXIS 

0.75 

397 

-10. 27 

29C 

X  AXIS  (SMOOTHED) 

0.  52 

396 

-10. 02 

29C 

T  AXIS 

0.67 

408 

-0.46 

325 

Z  AXIS 

3.  19 

398 

-1.26 

403 

CHEST  ACCELERATION  (G! 

X  AXIS 

6.  90 

423 

-13.75 

296 

T  AXIS 

-0.09 

427 

-2.  38 

39' 

Z  AXIS 

8.  44 

355 

-6.37 

326 

RESULTANT 

15.63 

296 

0.43 

546 

CHEST  SEVERITT  INDEX 

38.  16 

HEAO  ACCELERATION  (G) 

X  AXIS 

1.70 

501 

-15. 71 

356 

T  AXIS 

1.47 

507 

-1.23 

426 

Z  AXIS 

9.48 

429 

-10.30 

35' 

RESULTANT 

18.  77 

359 

0.  34 

726 

HEAO  SEVERITT  INOEX 

56.  B1 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

3S.03 

62S.24 

305 

6.56 

43C 

T  AXIS 

2. 9B 

16.  24 

292 

-8.81 

626 

Z  AXIS 

14.01 

261.79 

308 

1.46 

222 

RESULTANT 

38.08 

877.94 

308 

9.  12 

U3C 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

28.66 

658. 99 

306 

25.01 

203 

T  AXIS 

16. 6B 

309.01 

307 

14.61 

172 

Z  AXIS 

40.96 

742.62 

306 

37.  30 

186 

RESULTANT 

52.  75 

1039.63 

307 

50.  75 

186 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

25.92 

610.14 

306 

22.40 

182 

T  AXIS 

15.  02 

301.99 

307 

11.47 

72' 

Z  AXIS 

40.  91 

741.42 

306 

37.  71 

172 

RESULTANT 

50.  74 

1006. 18 

306 

48.97 

1  7' 

TOTAL  LAP  LORO  (LB) 

103.49 

2044.97 

306 

99.93 

1  74 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

81.76 

142.56 

309 

-32.45 

694 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

39.  32 

328. 91 

315 

-15.26 

715 

Z  AXIS  (RIGHT) 

45.07 

292. 60 

311 

-6.  34 

531 

Z  AXIS  (CENTER) 

112.91 

1129.49 

309 

100. 77 

253 

Z  AXIS  (SUM) 

197.30 

1741.89 

309 

1B8. 43 

45' 

HORIZONTAL  test  PHASE  TESTi 

2100 

SUOJt  F-2 

NT : 

153.0  CELL:  C 

PAE 

IHPACT 

IHPACT 

TIHE 

IHPACT 

TIHE 

PAAAAE TER  AVERAGE 

HAXIHUH 

(HSEC) 

NINIHUH 

(HSEC) 

ACPEAENCE  HARK 

171 

TIAE  OF  IHPACT  START 

230 

SLED  ACCELERATION  IC1 

X  AXIS 

0.51 

393 

-9.59 

26K 

X  AXIS  (SHOOTHCOI 

0.91 

364 

-9.  50 

284 

T  AXIS 

0.47 

263 

-0.41 

495 

X  AXIS 

1.92 

400 

0.07 

393 

SLEO  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

212 

-30.11 

36C 

TACHOHETER  (HEASUAEOI 

0.22 

198 

-30.40 

403 

SEAT  ACCELERATION  (Gl 

X  AXIS 

0.61 

364 

-10.21 

281 

X  AXIS  (SHOOTHCOI 

0.  45 

386 

-8.95 

261 

T  AXIS 

0.66 

395 

-0.80 

34S 

Z  AXIS 

2.92 

285 

-1.  14 

280 

CHEST  ACCELERATION  (61 

X  AXIS 

2.69 

405 

-12.67 

28‘ 

T  AXIS 

1.64 

341 

-1.44 

311 

Z  AXIS 

19.00 

337 

-4.3U 

312 

RESULTANT 

19.89 

337 

0.29 

525 

CHEST  SEVERITY  INDEX 

49.85 

HEAD  ACCELERATION  (Gl 

X  AXIS 

1.43 

478 

-15.13 

35C 

r  axis 

1.24 

622 

-1.38 

34: 

Z  AXIS 

5.92 

410 

-13.83 

341 

RESULTANT 

20.  18 

349 

0.  78 

741 

HEAD  SEVERITY  INDEX 

62.76 

SHOULDER  STRAP  LOADS  (LOI 

X  AXIS 

49.14 

528.90 

346 

13.01 

412 

T  AXIS 

2.94 

22.90 

300 

-3.21 

401 

Z  AXIS 

18.39 

236.30 

347 

0.29 

S1E 

RESULTANT 

52.60 

578.71 

346 

18.06 

495 

LEFT  LAP  LOADS  (LB) 

29.60 

222 

X  RXIS 

39.  17 

525.63 

299 

Y  AXIS 

22.  59 

251.50 

300 

19.26 

18C 

Z  AXIS 

57.50 

613.23 

303 

49.37 

182 

RESULTANT 

73.21 

845.58 

303 

67.30 

182 

RIGHT  LAP  LOADS  (LOI 

X  AXIS 

34. 56 

480.23 

305 

28.13 

19C 

T  AXIS 

15.93 

223. 08 

301 

11.21 

217 

Z  RXIS 

SI. 04 

583.32 

302 

45.79 

175 

RESULTANT 

03.73 

785.94 

305 

58.83 

200 

TOTAL  LHP  LOAD  (LBI 

130.94 

1629.38 

305 

129.73 

182 

SEAT  LINK  LOADS  (LOI 

50.48 

Y  AXIS  (CENTER) 

1.77 

745 

0.02 

213 

SEAT  LOADS  (LB) 

711 

Z  AXIS  (LEFT) 

24.70 

281.70 

313 

3.01 

Z  AXIS  (RIGHT) 

30.47 

274.85 

311 

-13. 48 

681 

Z  AXIS  ICENTERI 

12S.00 

784.66 

301 

109. 19 

179 

Z  AXIS  (SUH) 

180.97 

ISIS. 41 

313 

16S.58 

179 

HORIZONTAL  TEST  PHASE 


TESTi  2052 


SUBJi  G-3 


NT:  164.0 


CELL:  C 


V 

PARAMETER 

REFERENCE  MARK 

.'.V 

time  of  impact  START 

V 

1  . 

SLEO  ACCELERATION  (G) 

X  AXIS 

PREIMPACT 

AVERAGE 


IMPACT 

MAXIMUM 


TIME 

(MSEC) 


IMPACT 

MINIMUM 


TIME 

(MSEC) 


TS 


X  AXIS  (SMOOTHED) 

T  AXIS 
Z  AXIS 

SLED  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (C) 

X  AXIS 

X  AXIS  (SMOOTHEO) 

T  AXIS 
Z  AXIS 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITT  INOEX 

HEAD  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITT  INDEX 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

LEFT  LAP  LOAOS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 
Y  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LB) 

SEAT  LINK  LOAOS  (LB) 

T  AXIS  (CENTERI 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 


43.88 
0.  IB 
20.  10 
UB.  32 


33.84 
15.83 
45.  07 
58.59 


33.20 

17.23 

43.37 

57.31 

115.91 


33.  69 
24.  16 
130. 02 
1B7. B6 


0.62 

6182 

-9.  60 

60  75 

0.  45 

6337 

-9.51 

6077 

0.48 

6087 

-0.  38 

6328 

.* 

1 . 26 

6069 

0.45 

6061 

0.  01 

6009 

-29. 78 

6176 

*  _  •*' 

0.  13 

6005 

-30. 08 

6202 

\  / 

0.56 

6181 

-9.  70 

6073 

0.  47 

6327 

-9.  58 

6074 

0.  55 

6405 

-0.  47 

6062 

t  ■  D  / 

60  68 

-0.  37 

6062 

MB 

2.  15 

6224 

-10. 03 

6076 

*  *  ol 

3.  67 

6141 

-2.  47 

6120 

15.11 

6141 

-3.  15 

6118 

15. 62 
33.  56 

6141 

0.  50 

6499 

:-.v 

2.51 

6243 

-14.98 

6142 

Lw 

1 . 64 

6158 

-1.30 

6234 

2.  06 

6240 

-10.67 

6138 

•> 

IB.  25 
56.91 

6140 

0.28 

6219 

608. 24 

6144 

33.61 

6146 

266.17 

6142 

663.56 

6142 

585.43 

6097 

231.88 

6099 

560. 31 

6097 

842.56 

6098 

549.41 

6096 

225.59 

6097 

582. 29 

6097 

831.75 

6097 

1674.31 

6098 

74.85 

6366 

288. 92 

6099 

316.25 

6098 

713.29 

6099 

1318. 46 

6099 

3.  40 
-5.  10 
-6.  76 
7.39 


30.  39 
11.38 
36.  30 
51.53 


32.00 
15.00 
40. 66 
54.63 

107. 71 


-14.23 


13.  28 
-11.53 
1 15. 27 
174.75 


\  V'  *  - 


HORIZONTAL  TEST  PHASE 


TEST.  2152 


SUB J i  H-6 


NT.  187.0 


CELL.  C 


PARAMETER 


REFERENCE  HARK 
TIRE  OF  IMPACT  START 

SLEO  ACCELERATION  (Cl 
X  AXIS 

X  AXIS  ISMOOTHEO) 

T  AXIS 
Z  AXIS 

SLEO  VELOCITT  (FT/SECI 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (Gl 
X  AXIS 

X  AXIS  ISMOOTHEO) 

T  AXIS 
Z  AXIS 

CHEST  ACCELERATION  (Gl 
X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HERO  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITY  INDEX 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

Y  AXIS 
Z  AXIS 
RESULTANT 

LEFT  LAP  LOROS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LORDS  (LB) 

X  AXIS 

Y  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LB) 

SEAT  LINK  LOADS  (LB! 

Y  AXIS  (CENTER) 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 


PREIMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

209 

273 

0.58 

427 

-9.47 

31E 

0.  46 

429 

-9.  42 

32: 

0.  50 

328 

-0.  56 

516 

2.27 

445 

0.  1  1 

32U 

0.01 

256 

-29.86 

42E 

0.  23 

226 

-30. 10 

45: 

0.  73 

432 

-10. 12 

32E 

0.61 

431 

-9.  91 

32l 

0.  59 

524 

-0.  58 

5 1  ( 

2.  92 

432 

-1.  12 

321 

5.51 

457 

-13. 53 

321 

2.  56 

393 

-3.  32 

47( 

7.  74 

331 

-2.  91 

50! 

15.46 

30.55 

330 

0.  12 

611 

4.77 

532 

-13. 93 

391 

2.49 

652 

-0.95 

391 

5.97 

449 

-3.  13 

36; 

14.01 
40.  14 

390 

0.  34 

26 

35.10 

742.89 

346 

1.66 

491 

5.24 

45.59 

335 

-14. 76 

4H 

15.91 

296.00 

344 

-0.  83 

49' 

38.  96 

799. 67 

346 

5.84 

48' 

27.53 

603. 58 

340 

21.41 

24 

11.05 

239. 95 

343 

8.89 

24 

42.  32 

732.34 

340 

36.  98 

24! 

51. 72 

978. 31 

341 

48.21 

24 

24.31 

549.96 

340 

17.  48 

25 

16.09 

301.69 

342 

12. 43 

74 

40.01 

705.  14 

340 

34.  26 

25 

49.56 

943. 36 

340 

45.  42 

25 

101.28 

1921.39 

340 

95.  69 

25 

-68.04 

61.47 

675 

-70.59 

22 

67.23 

378. 44 

340 

0.  76 

50 

32.99 

292. 72 

342 

-13. 81 

66 

1 16. 63 

1073. 47 

344 

85.  02 

49 

206. 85 

1740. 07 

344 

91.71 

49 

HORIZONTAL  TEST  PHASE 


TESTi  2099 


SUB J :  J-3 


MT«  168.0 


CELL:  C 


PARANETEA 

PREIMPACT 

IHPACT 

TIME 

IMPACT 

TIME 

AVERAGE 

MAXIMUM 

(MSEC) 

1 1 N I  MUM 

(MSEC) 

REFERENCE  HARK 

187 

TIRE  OF  IHPACT  START 

248 

SLED  ACCELERATION  (0) 

X  AXIS 

0.54 

401 

-9.46 

300 

X  RX IS  tSHOOTHEOI 

0.  97 

403 

-9.  42 

301 

T  AXIS 

0.48 

309 

-0.35 

496 

Z  AXIS 

2.06 

421 

0.02 

296 

SLED  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.00 

195 

-30.05 

397 

TACHOMETER  INEASURED) 

0.22 

231 

-30.40 

422 

SEAT  ACCELERATION  (Gl 

X  AXIS 

0.69 

407 

-10.10 

297 

X  AXIS  (3HOOTHEOI 

0.47 

406 

-9.  84 

297 

T  AXIS 

0.63 

417 

-0.66 

342 

Z  AXIS 

3.25 

406 

-1.20 

412 

CHEST  ACCELERATION  (G) 

X  AXIS 

3.27 

426 

-12.44 

303 

T  AXIS 

0.91 

411 

-2.52 

424 

Z  AXIS 

3.43 

316 

-3.  30 

442 

RESULTANT 

14.  70 

304 

0.52 

542 

CHEST  SEVERITY  INOEX 

29.32 

HERO  ACCELERATION  (G) 

X  AXIS 

1.36 

515 

-13.70 

372 

Y  AXIS 

0.71 

479 

-1.99 

452 

Z  AXIS 

7.91 

433 

-11.09 

365 

RESULTANT 

17.  19 

371 

0.  17 

257 

HERO  SEVERITY  INDEX 

50.69 

SHOULOER  STRAP  LORES  (LSI 

X  AXIS 

S6.02 

501.31 

370 

20.99 

438 

T  AXIS 

1.41 

28.60 

364 

-7.  63 

446 

Z  AXIS 

18.  34 

199.27 

315 

4.62 

416 

RESULTANT 

59.02 

533.56 

312 

23.27 

440 

LEFT  LAP  LOADS  ILBI 

X  AXIS 

40.99 

811.53 

313 

41.69 

230 

T  AXIS 

90.78 

288. 72 

312 

22.  47 

765 

Z  AXIS 

70.65 

656. 14 

312 

61.41 

773 

RESULTANT 

91.38 

944.35 

313 

81.75 

773 

RIGHT  LAP  LO AOS  (LB) 

X  AXIS 

43.90 

576.28 

312 

33.76 

192 

Y  AXIS 

17.68 

200. 83 

313 

11.80 

225 

Z  RX  I S 

69.52 

648. 72 

312 

55.  80 

779 

RESULTANT 

79.25 

890. 09 

312 

70.99 

775 

TOTAL  LAP  LOAO  ILBI 

170.63 

1833.51 

313 

154.96 

779 

SEAT  LINK  LOROS  (LB) 

Y  AXIS  (CENTERI 

9.78 

135.90 

521 

4.47 

741 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

46.51 

322. 39 

316 

S.  63 

440 

Z  AXIS  (RIGHT) 

65.25 

393.46 

318 

-13. 23 

527 

Z  AXIS  (CENTER) 

114.34 

821.56 

316 

99.  59 

268 

Z  AXIS  (SUH) 

228.  10 

1529.82 

316 

179.63 

440 

I 

I 


HORIZONTAL  test  PHASE  TEST:  2157 

SUB J :  J-4 

WT 

PARAMETER 

PRE IMPACT 
AVERAGE 

I  HP AC  T 
MAX  I  MUM 

TIME 

(MSEC) 

REFERENCE  MARK 

TIME  OF-  IMPACT  START 

163 

233 

5LE0  ACCELERATION  (G) 

X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 

Z  AXIS 

0.  6? 

0.  5D 
0.48 

2.  1  1 

387 

388 
284 

4  04 

SLED  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

0.01 

0.18 

222 

166 

SEAT  ACCELERATION  (G) 

X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 

Z  AXIS 

0.  66 

0. 59 

0. 52 

3.  17 

391 

390 

481 

285 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

6.  64 

1 . 72 

9.  20 

1  3.  75 
29.  38 

413 

297 

309 

288 

HERO  ACCELERATION  (Gl 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVEHITT  INDEX 

0.40 

0. 73 

5.  24 

1  1 . 27 
47.19 

230 

242 

399 

302 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

94.52 

1 . 55 
14.55 
95.67 

628.44 
12.  84 
172. 02 
649.  1  6 

300 

290 

307 

300 

LEFT  LAP  LOADS  (LEI) 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

66. 06 
31.57 
102. 2g 
125.82 

669.25 
234. 44 
708. 07 

1 000. 47 

306 

307 

308 
308 

RIGHT  LfiP  LOROS  (L61 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

61.94 

25.  30 

9B.  11 
118.78 

629. 68 
207. 88 
690. 78 

957. 68 

306 

307 

306 

307 

TOTAL  LAP  L0AO  (LB) 

244. 60 

1955.57 

307 

SEAT  LINK  LOADS  (IB) 

T  AXIS  (CENTER) 

-52.21 

106.15 

669 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  1C  ENTER) 

Z  AXIS  (SUM) 

76.  45 

63.  28 
183.56 

323. 29 

387. l 2 
354  .  46 

1 050. 66 

1  790. 72 

306 

3  10 
309 
309 

184.0  CELL:  C 


IMPACT 

T  I  ME 

MINIMUM 

(MSEC) 

-9.  62 

267 

-9.  56 

2  67 

-0.40 

4  89 

-0.  08 

2  60 

-29.95 

362 

-30.  IS 

4  I  3 

-10.22 

281 

-9.  96 

262 

-0.59 

4  I  I 

-  1 . 34 

260 

-12.39 

2  90 

-1.34 

392 

-1.06 

439 

0.  27 

520 

-1  1 

28 

301 

-0 

24 

337 

-0 

36 

269 

0. 

63 

1  70 

2  3.60 

4  1  0 

-11.07 

5  23 

-D.  73 

436 

25.  33 

4  1  0 

27.  67 

4 :  i 

12.76 

402 

38.6  1 

409 

52.  67 

4  03 

22.  OS 

4  !  6 

7.4  8 

751 

36.  31 

756 

45.  5  4 

756 

10  3.  4  -i 

4  1  6 

-63.2 7 

712 

-13.40 

5  or 

- 1 5. f : 

7  1  7 

102.  S'. 

451 

93.  OS 

4  58 

143 


HORIZONTAL  TEST  PHASE  TEST:  2125  SUBJ:  K-l  NT:  177.0  CELL:  C 


PREIMPACT  IMPACT  TIME  IMPACT  TIME 

PARAMETER  AVERAGE  MAXIMUM  (MSEC)  MINIMUM  (MSEC) 


REFERENCE  MARK 
TIME  OF  IMPACT  START 

SLED  ACCELERATION  (C) 

X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 
Z  AXIS 

SLEO  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (Gl 


X  AXIS 

X  AXIS  (SMOOTHEO) 

T  AXIS 

Z  AXIS 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (Gl 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

34.35 

4.17 
13.67 
37.  26 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

48.00 
25.  92 
72.  52 
90.  78 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

51  .  34 
22.33 
74.15 
92.94 

TOTAL  LAP  LOAD  (LB) 

183. 72 

SEAT  LINK  LOADS  (LB! 

Y  AXIS  (CENTER) 

59.88 

SEAT  LOADS  (LBI 

Z  AXIS  (LEFT) 

Z  AX  IS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

68. 68 
90.23 
85. 58 
244 . 50 

212 

286 

0.57 

439 

-9.58 

33 

0. 44 

440 

-9.48 

33 

0.  48 

331 

-0.53 

52) 

2.  16 

458 

-0.  35 

331 

0.01 

270 

-29. 96 

4  3! 

0.  34 

277 

-30.28 

46; 

0.66 

444 

-10.22 

33: 

0.51 

443 

-9.  86 

33' 

0.  66 

455 

-0.71 

39 

3.  72 

338 

-1.85 

33: 

7.14 

466 

-13.91 

341 

D.  13 

499 

-2.29 

3S' 

10.58 

392 

-1.46 

51 

15.  91 
36.48 

342 

0.57 

59i 

1 . 70 

548 

-12.71 

40 

0.84 

498 

-1.65 

40' 

5.  08 

4S9 

-6.  74 

40 

14.45 

37.  43 

404 

0.20 

58 

575.31 

357 

0.  12 

52 

21.38 

343 

-7.08 

57 

228.27 

35B 

-0.  44 

54 

619.20 

358 

7.31 

52 

637. 97 

355 

18.80 

75 

272.94 

354 

11.38 

75 

721.50 

354 

30.13 

79 

999.28 

355 

41.14 

79 

641 . OB 

355 

18.18 

77 

254 . 09 

356 

9.  24 

7e 

742. 56 

354 

36.81 

75 

1010. 93 

355 

47.  00 

77 

2010.21 

355 

93.23 

79 

91.60 

353 

26.82 

80 

346. 82 

354 

-3. 44 

50 

451.88 

354 

-3.  37 

68 

925. S4 

354 

64.14 

29 

1724.25 

354 

202. 53 

50 

HORIZONTAL  TEST  PHASE 


TEST-.  2113 


SUBJ:  Ml  3 


HT:  174.0 


CELL:  C 


PARAMETER 

PREIMPACT 

AVERAGE 

IMPACT 

MAXIMUM 

T  I  ME 
(MSEC) 

IMPACT 

M  I  N 1  MUM 

TIME 

(MSEC! 

REFERENCE  MARK 

TIME  OF  IHPACT  START 

210 

268 

SLED  ACCELERATION  (G) 

X  AXIS 

X  AXIS  (SMOOTHED! 

T  AXIS 

Z  AXIS 

0.  55 
0.41 

0.  48 
2.01 

423 

423 

321 

439 

-9.40 
-9.  34 
-0.  23 

0. 02 

321 

321 

539 

317 

SLED  VELOCITT  (FT/SEC) 

integrated  acceleration 
TACHOMETER  (MEASURED! 

0.  00 

0.  16 

244 

228 

-29.71 

-29.99 

4  1  7 
445 

SEAT  ACCELERATION  (G! 

X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 

Z  AXIS 

0.  64 
0.53 

0.  68 

2.  92 

427 

425 

452 

322 

-10.06 

-9.80 

-0.56 

-1.16 

3  1  8 

3  !  8 
387 
317 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

4.82 

1  .  20 

8.  89 
14.99 
33.  16 

448 

426 

381 

326 

-13.13 

-3.09 

-2.49 

0.  34 

328 

375 

486 

498 

HEAD  ACCELERATION  (G 1 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITT  INDEX 

1 . 24 
1.43 
2.  76 
15.53 
52.31 

538 

585 

437 

400 

-9.93 
-2.86 
-12.42 
0.  76 

4  1  3 
396 
400 
495 

SHOULDER  STRAP  LOADS  (LB! 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

22.  18 

1  .  23 
8.66 
24.04 

531.90 
30.  92 
197. 27 
567. 19 

332 

336 

395 

333 

4.  IS 
-4.  37 
-4.67 
6.53 

460 

4  62 
54  1 
483 

LEFT  LAP  LOADS  (LB! 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

31.28 

12.24 

41.80 

53.67 

580. 00 
201.97 
609. 65 
665. 10 

333 

334 

333 

333 

24 . 96 
9.62 
35.  B2 
50. 03 

271 

210 

237 

237 

RIGHT  LAP  LORDS  (LB! 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

TOTAL  LAP  LOAD  (LB! 

30.64 

9.54 

38.12 

49. 90 

103.57 

556. 99 
178.47 
594. 85 
832. 55 

1697. 38 

335 

334 

332 

334 

333 

19.49 
5. 94 
32.70 
44 . 29 

98. 90 

264 

222 

230 

264 

230 

SEAT  LINK  LOROS  (LB) 

T  AXIS  (CENTER! 

49.  66 

82.40 

337 

46.89 

2  1  6 

SEAT  LOROS  (LBI 

Z  AXIS  (LEFT! 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

34.  33 

58.  88 

90.  73 
183.93 

274 . 64 
329. 54 
646.11 
1230.52 

358 

347 

337 

338 

-4.05 
0. 24 

7  9.06 
174.04 

715 
5  SC 
23-, 
23-, 

\V- 


K 


M5 


HORIZONTAL  TEST  PHASE 


TESTs  2102 


SUB J :  P-3 


WT:  196.0 


CELL:  C 


PARAMETER 

PRE IMPACT 

IMPACT 

TIME 

IMPACT 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

173 

231 

SLED  ACCELERATION  (Cl 

X  AXIS 

0.  BO 

381 

-9.  42 

X  AXIS  (SMOOTHED) 

0.  47 

362 

-9.  35 

T  AXIS 

0.  48 

285 

-0.40 

Z  AXIS 

2.  04 

401 

0.  02 

SLED  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.  01 

203 

-28 . 77 

TACHOMETER  (MEASURED) 

0.  17 

173 

-30. 10 

SEAT  ACCELERATION  (Gl 

X  AXIS 

0.  75 

388 

-10. 08 

X  AXIS  (SMOOTHED) 

0.  52 

387 

-9.  82 

Y  AXIS 

0.  86 

4  15 

-0.  67 

Z  AXIS 

2.  97 

388 

-1.10 

CHEST  ACCELERATION  (G) 

X  AXIS 

3.  1  i 

407 

-13.11 

Y  AXIS 

4.81 

362 

-4.  54 

Z  AXIS 

22.  47 

346 

-8.37 

RESULTANT 

CHEST  SEVERITY  INDEX 

22.  56 
59.  31 

349 

0.47 

HEAD  ACCELERATION  (Gl 

X  AXIS 

3.  25 

484 

-15.90 

Y  AXIS 

2.  39 

544 

-3.  75 

Z  AXIS 

2.  18 

383 

-10.47 

RESULTANT 

HEAD  SEVERITY  INDEX 

18.  44 
60.  94 

363 

0.49 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

31.94 

752. 69 

361 

3. 56 

T  AXIS 

1 . 96 

33.  45 

369 

-14.37 

Z  AXIS 

6.  76 

184.76 

358 

-7.45 

RESULTANT 

32.  78 

774. 68 

361 

6.  03 

LEFT  LHP  LOADS  (LB) 

X  AXIS 

29.06 

664.  12 

297 

17.81 

Y  AXIS 

12.90 

250. 77 

298 

9.  15 

Z  AXIS 

43.  00 

723. 1 4 

297 

37.  74 

RESULTANT 

S3.  S4 

1013. 05 

297 

48.  80 

RIGHT  LAP  LOADS  (LB! 

X  AXIS 

28.48 

660. 42 

297 

24.97 

Y  AXIS 

12.23 

228. 00 

296 

9.  79 

Z  AXIS 

42.26 

755. 33 

297 

39.31 

RESULTANT 

52.  44 

1028. 63 

297 

49.56 

TOTAL  LHP  LOAD  (LB) 

105.98 

204 I . 69 

297 

99.  97 

SERT  LINK  LOADS  (LB) 

Y  AXIS  (CENTER) 

40.  80 

124.09 

593 

35.64 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

44.16 

356. 60 

299 

-4.  33 

Z  AXIS  (RIGHT) 

59.  30 

448. 69 

299 

-12.63 

Z  AXIS  (CENT ER 1 

132. 93 

922. 20 

301 

119.67 

Z  AXIS  (SUM) 

236.40 

1 724.45 

301 

232. 07 

146 


T  1  ME 
(MSEC) 


276 

279 

482 

281 


376 

398 


282 
282 
U  20 
281 


313 

313 

32S 

563 


363 

513 

313 

235 


164 

517 

712 

163 


1  79 
174 
1  76 
1  76 


171 
1  73 
1  74 
1  78 

1  76 


749 


421 

572 

243 

171 


HORIZONTAL  TEST  PHASE 


TEST:  2120 


SUBJ:  R- 2 


NT:  143.0 


CELL:  C 


PREIMPACT 

IMPACT 

TIME 

IMPACT 

PARAMETER 

AVERAGE 

MAX  I  MUM 

(MSEC) 

MINIMUM 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

227 

287 

SLEO  ACCELERATION  (G) 

X  AXIS 

0.45 

439 

-9.43 

X  AXIS  (SMOOTHED) 

0.  32 

456 

-9.  37 

T  AXIS 

0.  52 

341 

-0.  31 

Z  AXIS 

I  .  67 

343 

-0.  1  0 

SLED  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

265 

-29. 85 

TACHOMETER  (MEASURED) 

0.28 

262 

-30.  16 

SEAT  ACCELERATION  (G) 

X  AXIS 

0.  58 

441 

-10. 00 

X  AXIS  (SHOOTHEO) 

0.  49 

442 

-9.60 

T  AXIS 

0.  82 

447 

-0.  65 

Z  AXIS 

3.  06 

343 

-1.18 

CHEST  ACCELERATION  (G) 

X  AXIS 

2.  67 

456 

-14.00 

T  AXIS 

1. 04 

347 

-3.  10 

Z  AXIS 

7.91 

345 

-S.  36 

RESULTANT  - 
CHEST  SEVERITY  INDEX 

15.94 
38.  15 

360 

0.  49 

HEAD  ACCELERATION  (G) 

X  AXIS 

2.83 

550 

-20. 90 

T  AXIS 

1  .  43 

568 

-2.  92 

Z  AXIS 

4.64 

447 

-15.07 

RESULTANT 

HERD  SEVERITY  INDEX 

22.  73 
96.62 

41  1 

0.  55 

SHOULOEA  STRAP  LOADS  (LB! 

X  AXIS 

18.  18 

651.09 

412 

8.  70 

T  AXIS 

0.  18 

24. 36 

348 

-7.  SI 

Z  AXIS 

11.05 

27B. 78 

409 

-3.  45 

RESULTANT 

21.37 

708.27 

412 

13.40 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

14.60 

534.91 

349 

2.07 

T  AXIS 

8.40 

258.88 

351 

3.  19 

Z  AXIS 

18.  97 

596. 14 

350 

14.35 

RESULTANT 

25.52 

841 . 74 

351 

20.  06 

RIGHT  LAP  LO AOS  (LB) 

X  AXIS 

11.86 

471.49 

350 

4.  32 

T  AXIS 

7.  26 

242.62 

350 

2.  84 

Z  AXIS 

18.18 

573.26 

351 

9.  07 

RESULTANT 

23.06 

780.90 

351 

16.  90 

TOTAL  LAP  LOAD  (LB) 

48. 59 

1622.64 

351 

40.  49 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

73.21 

188.17 

528 

21.24 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

12.  30 

210. 34 

346 

-13. 52 

Z  AXIS  (RIGHT! 

22.  22 

256.52 

355 

-12. 08 

Z  AXIS  (CENTER) 

111.05 

876. 65 

356 

98.  91 

Z  AXIS  (SUM) 

145. 57 

1338.94 

358 

13S. 61 

T  IME 
(MSEC) 


3  32 
3  30 
563 
3  3  7 


4  35 
460 


338 
338 
4  4  2 
337 


340 

393 

388 

446 


4  1  2 
4  1  0 
400 
6  76 


541 

684 

538 

538 


2  22 
263 
24  2 
222 


221 
2  38 


249 


26C 


617 


60S 
674 
277 
2  77 


1/17 


HORIZONTAL  TEST  PHfiSE 


TEST:  2149 


SUB J :  R- 3 


NT:  149.0 


CELL:  C 


PREIMPACT  IMPACT  TIME  IMPACT  TIME 


PARAMETER 

AVERAGE 

MAXIMUM 

(MSEC! 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

172 

238 

SLEO  ACCELERATION  (Gl 

X  AXIS 

0.60 

391 

-9.67 

290 

X  AXIS  (SHOO  T  MED) 

0 . 43 

392 

-9.56 

290 

T  AXIS 

0.  53 

291 

-0.  35 

494 

Z  AXIS 

1 . 78 

408 

-0.13 

286 

SLEO  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 

0. 05 

229 

-29. 90 

386 

TACHOMETER  (MEASUREO) 

0.22 

220 

-30. 40 

422 

SEAT  ACCELERATION  (Gl 

X  AXIS 

0.63 

391 

-10.29 

269 

X  AXIS  (SMOOTHED! 

0.57 

394 

-9.97 

269 

T  AXIS 

0.07 

402 

-1.04 

344 

Z  AXIS 

2.  73 

292 

-0.99 

267 

CHEST  ACCELERATION  (G) 

X  AXIS 

5.  96 

410 

-12. 57 

299 

T  AXIS 

0.  19 

424 

-1.74 

410 

Z  AXIS 

8.  OG 

294 

-2.24 

437 

RESULTANT 

CHEST  SEVERITY  INDEX 

14.34 

29.07 

294 

0.  58 

430 

HEAD  ACCELERATION  (Gl 

X  AXIS 

2.  55 

472 

-11.66 

357 

Y  AX  I  5 

0.  70 

293 

-0.  66 

322 

Z  AX  IS 

5.  22 

405 

-5.42 

320 

RESULTANT 

HEAD  SEVERITY  INDEX 

12.  77 
30.65 

357 

0. 45 

433 

SHOULDER  STRAP  LOROS  1LBI 

X  AXIS 

66.69 

572. 1 1 

305 

4.82 

451 

T  AXIS 

6.65 

30.95 

299 

-4.35 

400 

Z  AXIS 

32.02 

269. 63 

308 

1  .  99 

462 

RESULTANT 

74. 36 

632. 13 

306 

9.  70 

455 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

52.20 

501.65 

312 

25. 75 

720 

T  AX  I  S 

35.  33 

271.08 

310 

31.81 

722 

Z  AXIS 

B1 . 33 

601.60 

310 

43.71 

764 

RESULTANT 

102. 93 

B27. 52 

310 

62.  89 

764 

RIGHT  LAP  LOADS  (L  0 1 

X  AXIS 

47.12 

46B . 78 

312 

24.21 

746 

T  AXIS 

2B.  01 

236. 40 

31  1 

14.39 

768 

Z  AXIS 

72.  09 

567. 60 

309 

38. 28 

750 

RESULTANT 

90.  60 

773. 1 B 

312 

53.4  1 

750 

TOTAL  LHP  LORO  (LB) 

193. 53 

1 600. 37 

312 

1  1 7. 50 

764 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

6. 05 

9.01 

307 

-55. 77 

604 

SEAT  LOADS  (LBI 

Z  AXIS  (LEFT] 

14.26 

202. 24 

31  7 

-10.97 

403 

Z  AXIS  (RIGHT) 

22.13 

225.  1  4 

316 

-5.  52 

5  3? 

Z  AXIS  (CENTER! 

179.10 

884. 33 

308 

165. 46 

187 

Z  AXIS  (SUM) 

215.51 

1 287. 31 

310 

184.04 

714 

y  r 


HORIZONTAL  TEST  PHASE  TEST:  2156 

SUBJ:  T-l 

NT: 

167.0  CELL:  C 

PREIMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

161 

TIME  OF  IMPACT  START 

230 

SLEO  ACCELERATION  (G) 

X  AXIS 

0.55 

383 

-9.  65 

283 

X  RX1S  (SHDOTMEO) 

0.  35 

384 

-9.  se 

285 

T  AXIS 

0.47 

282 

-0.27 

S0>, 

Z  AXIS 

1.90 

401 

0.  07 

278 

SLEO  VELOC ITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.  00 

196 

-30. 04 

38C 

TACHOMETER  (MEASURED) 

0.  10 

163 

-30.28 

407 

SEAT  ACCELERATION  (G) 

X  AXIS 

0.60 

384 

-10.28 

28C 

X  AXIS  (SHOOTHEOI 

0. 45 

386 

-9.96 

28C 

T  AXIS 

0.64 

395 

-0.  64 

407 

Z  AXIS 

2.89 

283 

-1.09 

276 

CHEST  ACCELERATION  (G) 

X  AXIS 

2.77 

396 

-12. 37 

286 

T  AXIS 

1.30 

295 

-0.94 

421 

Z  AXIS 

7.  71 

285 

-0.  1  7 

421 

RESULTANT 

14.54 

285 

0.  31 

635 

CHEST  SEVERITY  INDEX 

27.54 

HERD  ACCELERATION  (G) 

X  AXIS 

1.41 

540 

-10.73 

34" 

T  AXIS 

2.67 

340 

-0.  26 

541 

Z  AXIS 

0.99 

287 

-6.46 

39) 

RESULTANT 

10.98 

347 

0.  29 

415 

HERO  SEVERITY  INDEX 

28.  37 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

80.13 

622.43 

300 

33.40 

75! 

T  AXIS 

1.9B 

20.49 

302 

-6.  83 

716 

Z  AXIS 

29.49 

252.55 

298 

6.  81 

601 

RESULTANT 

85. 49 

671.05 

300 

36.  33 

756 

LEFT  LAP  LOROS  (LB) 

X  AXIS 

72.  97 

496.77 

297 

37.  94 

74E 

r  axis 

35.  77 

206.61 

297 

20.  95 

745 

Z  AXIS 

104. 4B 

559. 08 

299 

58.  98 

73C 

RESULTANT 

132. 39 

774.87 

299 

75.14 

760 

RIGHT  LAP  LOROS  (LB) 

X  AXIS 

60.53 

456.67 

301 

29.69 

751 

T  AXIS 

91.89 

202.25 

297 

18.29 

75C 

Z  AXIS 

84.87 

562.31 

299 

59.  66 

735 

RESULTANT 

116.99 

749.06 

299 

73.  01 

754 

TOTAL  LHP  LOAO  (LB) 

249.39 

1523.93 

299 

149.82 

76C 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

37.37 

81.03 

296 

0.67 

591 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

57.08 

238.06 

304 

-14.74 

40E 

Z  AXIS  (RIGHT) 

47.77 

270.90 

300 

8.  38 

48") 

Z  AXIS  (CENTER) 

153.26 

796.64 

299 

136. 65 

163 

Z  RXIS  1  SUM) 

256. 10 

1296. 41 

300 

239.65 

755 

HORIZONTAL  TEST  PHASE 


TEST i  2129 


sub j :  w-4 


NT;  191.0 


CELL:  C 


PREIMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

PARAME  TER 

AVERAGE 

MAX  I  MUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARM 

TIME  OF  IMPACT  START 

192 

259 

SLED  ACCELERAT ION  10) 

X  AXIS 

0.  62 

4  1  3 

-9.45 

312 

X  AXIS  (SMOOTHED! 

0. 48 

4  1  5 

-9.  38 

312 

r  axis 

0.  49 

312 

-0.66 

498 

Z  AXIS 

2.  30 

434 

0.09 

425 

SLED  VELOCITT  (FT/SECI 

integrated  acceleration 

0.  00 

207 

-29. 78 

408 

TACHOMETER  (MEASUREDI 

0.  28 

221 

-30.05 

433 

SEAT  ACCELERATION  (C) 

X  AXIS 

1 . 07 

421 

-10.05 

310 

X  AXIS  (SMOOTHED] 

0.  64 

420 

-9.  86 

309 

T  AXIS 

0.  77 

432 

-0.4  1 

356 

Z  AXIS 

3.63 

421 

-1.40 

426 

CHEST  ACCELERATION  IG) 

X  AXIS 

7.21 

450 

-14.31 

3  1  5 

r  axis 

0.81 

355 

-3.  87 

381 

Z  AXIS 

11.90 

381 

-4.21 

355 

RESULTANT 

CHEST  SEVERITY  INDEX 

16.64 

41.65 

316 

0.61 

469 

HEAD  ACCELERATION  (Cl 

X  AXIS 

1 . 57 

SS4 

-13.94 

393 

r  axis 

0.93 

487 

-1.99 

438 

Z  AXIS 

5.  70 

439 

-6.  56 

392 

RESULTANT 

HEAD  SEVERITY  INDEX 

15.45 

39.46 

393 

0.26 

597 

SHOULDER  STRAP  LOROS  (LB1 

X  AXIS 

S3.  37 

637.10 

386 

-1.34 

452 

T  AXIS 

7.  22 

31.31 

327 

-6.26 

390 

Z  AXIS 

22.  33 

239. 75 

386 

-5.  99 

473 

RESULTANT 

58. 3S 

680.73 

386 

3.84 

476 

LEFT  LAP  LOADS  (LB! 

X  AXIS 

32.  36 

591.84 

328 

14.60 

753 

Y  AX  IS 

20.  3N 

33S . 10 

330 

16.07 

440 

Z  AXIS 

59.17 

830.89 

330 

39.89 

434 

RESULTANT 

70.  98 

1072. 39 

330 

51.19 

434 

RIGHT  LAP  LOADS  (LSI 

X  AXIS 

28.53 

559. 80 

329 

17.  28 

760 

Y  AXIS 

17.  53 

321.86 

331 

13.57 

439 

Z  AX  IS 

50.63 

812.20 

330 

34.63 

761 

RESULTANT 

60.  79 

1035.86 

330 

45.22 

781 

OTAL  LAP  LOAD  (LBI 

131.22 

2108.26 

330 

102.00 

454 

SEAT  LINK  LOADS  (LBI 

Y  AXIS  (CENTER) 

-74. 76 

52 

328 

-77.40 

264 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT! 

39. 90 

346.30 

330 

12.  79 

466 

Z  AXIS  (RIGHT) 

27.  89 

375. 70 

332 

-11.26 

452 

Z  AXIS  (CENT ERI 

169. 37 

1222.14 

329 

143.84 

503 

Z  AXIS  (SUM) 

237.  16 

1 942. 63 

330 

177.27 

503 

RESTRAINT  CONFIGURATION  STUDY  TEST  NO:  3120  SUBJ  ID: 


IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY 


RESTRAINT  CONFIGURATION  STUDY 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO*  2120  SUBJ  ID:  R-2 


TIME  IN  MILLISECONDS 


IN  MILLISECONDS 


SUBJ  ID* 


‘  r 


cu  a. 


* 

fjV, 


CO 


a: 


9  9 
♦  • 

9  9 
9  9 
CD  9 


9 

ftl 


9 

9 

9 

<s>  nj 

♦ 

• 

• 

• 

9 

9 

9 

9 

9 

9 

9 

CD 

CD 

n 

9 

9 

9 

9  ru 

♦ 

• 

• 

• 

9 

9 

9 

9 

9 

9 

9 

CD 

(0 

m 

TIME  IN  MILLISECONDS 


HOBI ZONTAL  TEST  PHASE 


TESTi  2118 


SUBJ:  B- 4 


HT:  200.0 


CELL:  D 


PARAMETER 

PREIMPACT 

AVERAGE 

IMPACT 

MAXIMUM 

TIME 

(MSEC) 

IMPACT 

MINIMUM 

reference  mark 

TIME  OF  IMPACT  START 

171 

242 

SLED  ACCELERATION  1G) 

X  RXIS 

X  RXIS  (SMOOTHED) 

T  AXIS 

Z  RXIS 

0.  63 

0.  45 
0.47 

1 . 93 

396 

397 

295 

412 

-9.  39 
-9.  32 
-0.56 
0.  14 

SLED  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  1  MEASURED) 

0.  00 

0.  16 

170 

188 

-29. 53 
-29. 76 

SEAT  ACCELERATION  (Gl 

X  AXIS 

X  RXIS  (SMOOTHED) 

T  AXIS 

Z  AXIS 

0.  69 
0.60 

0.  63 
2.81 

396 

399 

4  15 

297 

-10.09 
-9.80 
-0. 68 
-0.  9S 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

5.  60 
2.19 

9.  U1 
18. 58 
37.90 

447 

324 

300 

303 

-17.32 
-1.84 
-3.  20 
0.  79 

HEAD  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

2.32 

1. 58 
4.18 
20.  97 
76.  13 

453 

340 

444 

326 

-14.56 

-0.71 

-15.52 

0.51 

NEGATIVE  G  STRAP 

294.81 

325 

38.  12 

SHOULDER  STRAP  LORDS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

3.  21 
12.89 

39.  53 

0.  20 

880. 26 
29.  67 
266. 81 
920. 25 

319 

31  1 

320 

320 

-3.  2B 
-5.62 
-8.  13 

1 . 07 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESUL’ MNT 

14.92 

51.13 

67.  38 

35.  97 

667. 28 
236. 74 
691.34 

989. 57 

313 

313 

312 

313 

28.  37 
9.20 
33.  83 
51.16 

RIGHT  LAP  LOAOS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

7.  56 

45.  55 

58.  56 

125. 96 

638. I 7 
174.26 
693. 86 
957. 01 

313 

314 

314 

314 

25.  32 

1  .  73 
31.18 
44.50 

TOTAL  LAP  LOAD  (LB) 

0.  63 

1946.58 

314 

101.54 

SEAT  LINK  LOAOS  (LB1 

T  AXIS  (CENTER) 

48.  79 

-31 . 95 

312 

-77. 43 

SEAT  LOROS  (LB) 

Z  AXIS  ileft: 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM! 

55.  04 

1 50. 78 
255.41 

1 . 28 

472.52 
557. 89 
907. 33 
1910.11 

319 

314 

312 

3  1  4 

8.04 
2.49 
132. 68 
191.02 

1G1 


TIME 

(MSECI 


295 

294 

485 

292 


392 

416 


293 

293 

420 

292 


304 

433 

490 

697 


328 

495 

326 

653 


766 


432 

765 

450 

457 


730 

739 

741 

741 


743 

752 

754 

754 

754 


245 


456 

453 

161 

458 


HORIZONTAL  TEST  PHASE 


TEST :  2063 


SUB J :  8- I 


HTs  150.0 


CELL:  0 


PREIMPHCT 

IMPACT 

TIME 

IMPACT 

TIME 

PARAHETEA 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

166 

223 

SLED  ACCELERATION  (Cl 

X  AXIS 

0.  52 

377 

-9.  62 

271 

X  AXIS  (SMOOTHED) 

0.  37 

378 

-9.  52 

272 

T  AXIS 

0.  46 

274 

-0.  48 

467 

Z  AXIS 

1 .  SO 

394 

0.23 

275 

SLED  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.  01 

204 

-29.96 

373 

TACHOMETER  (MEASUREO) 

0.  17 

174 

-30. 28 

397 

SEAT  ACCELERATION  (G) 

X  AXIS 

0.69 

379 

-10.23 

277 

X  AXIS  (SMOOTHED) 

0.  57 

380 

-9.  93 

276 

T  AXIS 

0.57 

434 

-0.65 

401 

Z  AXIS 

2.  41 

2B1 

-0.  49 

276 

CHEST  ACCELERATION  (C) 

X  AXIS 

6.  44 

417 

-19.56 

291 

T  AXIS 

2.  21 

297 

-3.21 

407 

Z  AXIS 

11.71 

352 

-6.  82 

334 

RESULTANT 

CHEST  SEVERITY  INDEX 

19.85 

52.36 

291 

0.  46 

516 

HEAD  ACCELERATION  (Gl 

X  AXIS 

2.  38 

501 

-23.45 

306 

T  AXIS 

2.49 

308 

-0.92 

391 

Z  AXIS 

4.61 

378 

-17. 94 

298 

RESULTANT 

HEAD  SEVERITY  INDEX 

27.  79 
98.  68 

306 

0.  51 

241 

NEGATIVE  G  STRAP 

323.91 

358 

42.  74 

229 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

31.17 

675.05 

307 

-0.95 

433 

Y  AXIS 

2.50 

32.  02 

294 

-21. SO 

346 

Z  AXIS 

11.92 

221.45 

304 

-4.82 

437 

RESULTANT 

33.86 

710. 89 

307 

5.  71 

426 

LEFT  LHP  LOADS  (LB) 

X  AXIS 

16.43 

632.45 

293 

5.87 

1  73 

T  AXIS 

5.  32 

221.84 

295 

0.  16 

208 

Z  AXIS 

19.37 

570. 48 

292 

12.59 

210 

RESULTANT 

26.  DS 

879. 64 

293 

21.04 

210 

RIGHT  LAP  LOROS  (LB) 

X  AXIS 

18.03 

619. 23 

293 

11.40 

192 

Y  AXIS 

6.60 

214.81 

294 

1.67 

16! 

Z  AXIS 

21.17 

619.51 

293 

12.  23 

163 

RESULTANT 

28.  70 

901.57 

293 

23.93 

163 

TOTAL  LAP  LOAD  (LB) 

54.  75 

1781.42 

293 

48.  I  1 

210 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

-86. 21 

1 16. 90 

646 

-141 . 59 

408 

SER’t  LOADS  (LB) 

Z  AXIS  (LEFT! 

23.  94 

268. 09 

297 

-15.17 

498 

Z  AXIS  (RIGHT) 

35.  87 

357. 76 

299 

-7.  95 

480 

Z  AXIS  (CENTER) 

120. 35 

879. 38 

295 

104. 73 

220 

Z  AXIS  (SUM) 

180.16 

1496. 00 

297 

169.77 

220 

162 


3 


i 


B 


<*, 


l',  • 

9*.  * 

HORIZONTAL  TEST  PHASE 

1 

PARAMETER 

'  .  * 

REFERENCE  MARK 

r  / 

TIME  OF  IMPACT  START 

r'.y 

SLED  ACCELERATION  (G) 

•*.  ■  ** 

X  AXIS 

r.'. 

X  AXIS  (SMOOTHED) 

TESTi  2126 


PREIMPACT 

AVERAGE 


AXIS 

AXIS 


SLED  VELOCITT  IFT/SEC) 

INTECRRTED  ACCELERATION 
TACHOMETER  (MEASURED! 

SEAT  ACCELERATION  (G) 

X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 
Z  AXIS 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 


HEAD  ACCELERATION  (G) 
X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

MEAD  SEVERITY  INDEX 

NEGATIVE  G  STRAP 

SHOULOER  STRAP  LOADS 
X  AXIS 
Y  AXIS 
Z  AXIS 
RESULTANT 


(L6) 


LEFT  LAP  LOADS  (LBl 
X  AXIS 

Y  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LOADS  (LB) 
X  AXIS 

Y  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LBl 

SCAT  LINK  LOADS  (LB) 
T  AXIS  (CENTERI 


SEAT  LOADS 
Z  AXIS 
Z  AXIS 
Z  AXIS 
Z  AXIS 


(LB) 

(LEFT) 

(RIGHT) 

(CENTER) 

(SUM) 


S9.8S 
4.71 
20.73 
63. 55 


54.  76 
25.  19 
69.38 
91 . 93 


50.  33 
17.96 
63.  19 
62.  80 

174.73 


-59. 76 


79.62 
63.  95 
184.61 
326. 18 


SUBJi  B-3  NT:  181.0  CELL:  D 


IMPACT 

TIME 

IMPACT 

TIME 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

227 

290 

0.  60 

445 

-9.40 

342 

0.  47 

446 

-9.  35 

344 

0.47 

343 

-0.58 

529 

2.  36 

462 

0.  03 

353 

0.01 

273 

-29. 74 

440 

0.  15 

237 

-30.00 

461 

0.72 

449 

-10.20 

341 

0.  62 

448 

-9.65 

340 

0.  58 

477 

-0.69 

482 

3.  06 

345 

-1.27 

340 

10.  90 

464 

-12.49 

353 

2.16 

471 

-2.62 

484 

10.60 

347 

-1.43 

508 

15.  32 

348 

0.31 

595 

35.  23 

4.26 

495 

-12.72 

405 

2.20 

548 

-2.96 

411 

8.97 

483 

-7.07 

518 

14.05 

40S 

0.70 

646 

42.  68 

290.00 

409 

69.71 

299 

600.89 

404 

0.00 

484 

27.80 

365 

-8.63 

655 

229.39 

367 

3.  11 

468 

636.51 

404 

4.28 

484 

683. 02 

358 

16.97 

715 

248.28 

360 

10.18 

717 

650.77 

358 

31.12 

719 

975. 23 

358 

43.  70 

813 

642.69 

358 

14.77 

721 

218.56 

359 

6.  70 

696 

650.  12 

358 

30.53 

698 

939.06 

358 

40.41 

698 

1914.29 

358 

87.61 

698 

176.04 

554 

-160. 32 

712 

462. 35 

361 

-14.32 

521 

474.76 

359 

-12. 35 

707 

844.98 

361 

166. 39 

297 

1 780. 58 

361 

223.  10 

506 

163 


V.  *  J 


.*• .  -  -• 


"V**1 
•- .  ■ 
V  V„> 


HORIZONTAL  TEST  PHASE 


TEST!  2112 


SUB J :  C-2 


HT  s  185.0 


CELL:  D 


PARAMETER 

PREIMPACT 

AVERAGE 

REFERENCE  HARK 

TIME  OF  IMPACT  START 

SLED  ACCELERATION  (Gl 

X  AXIS 

X  AXIS  I  SHOO  THEO ! 

r  axis 

Z  AXIS 

SLED  VELOCITT  (FT/SECI 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASUREDI 

SEAT  ACCELERATION  (Gl 

X  AX  I  S 

X  AXIS  (SMOOTHEOI 

T  AXIS 

Z  AXIS 

CHEST  ACCELERATION  (G! 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (Gl 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

NEGATIVE  G  STRAP 

SHOULOER  STRAP  LOADS  (LB! 

X  AXIS 

Y  AXIS 

Z  RXIS 

RESULTANT 

19. 25 
0.  75 
B.  95 
21.40 

LEFT  LAP  LOADS  (LBI 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

10.51 
3.  64 
11. 88 
16.50 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

10.55 

2.26 

12.66 

16.80 

TOTAL  LAP  LOAD  (LBI 

33.  31 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTERI 

75.  68 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM! 

15.23 
45. 62 
126.30 
187.14 

IMPACT 

TIME 

IMPACT 

T  I  ME 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

161 

226 

0.56 

384 

-9.56 

280 

0.  46 

402 

-9.42 

2  79 

0.  48 

286 

-0.47 

492 

1 . 86 

400 

0.  14 

283 

0.  01 

218 

-29. 65 

360 

0.  22 

190 

-29. 93 

403 

0.66 

389 

-10.08 

285 

0.59 

388 

-9.62 

263 

0.68 

414 

-0.68 

409 

2.  53 

288 

-1.00 

283 

5.  8? 

441 

-19.47 

294 

2.  15 

300 

-4.86 

291 

9.  45 

352 

-8.  08 

328 

20.  IB 

293 

0.  28 

565 

48.  73 

4.09 

458 

-21.29 

3  1  5 

1 . 63 

518 

-1.27 

347 

5.25 

370 

-9.69 

306 

22.  92 

315 

0.  67 

240 

85.94 

272.61 

327 

23.45 

204 

764.91 

312 

-2.02 

449 

30.  SB 

358 

-6.  99 

489 

267. 15 

303 

-10. 22 

4  34 

808.09 

312 

1 . 95 

430 

794.96 

302 

3.  1  1 

1  89 

256.56 

303 

-0.  31 

1  97 

747. 41 

302 

2.  23 

21  1 

1120. 63 

302 

11.60 

21  1 

760. 84 

302 

4.82 

170 

229.50 

302 

-3.93 

233 

762. 67 

301 

1 . 52 

1  92 

1101.46 

302 

10.62 

192 

2222.09 

302 

27.  14 

211 

118.29 

303 

-27.47 

445 

426.  16 

304 

-13.95 

536 

476. 22 

303 

-4.83 

582 

1018.07 

304 

1  16. 38 

208 

1 920. 45 

304 

140.51 

457 

horizontal  test  phase 

TEST t  2130 

SUB J :  F-2 

NT: 

153.0 

CELL:  0 

PARAMETER 

PREIMPACT 

IMPACT 

TIME 

IMPACT 

T  1  ME 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

199 

265 

SLED  ACCELERATION  (Gl 

X  AXIS 

0.  49 

418 

-9. 44 

3  1  9 

X  AXIS  (SMOOTHED) 

0.  36 

420 

-9.41 

31  S 

r  axis 

0.47 

320 

-0.  35 

528 

Z  AXIS 

t .  98 

436 

0.  15 

329 

SLED  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

250 

-29. 65 

U  1  4 

TACHOMETER  (MEASURED! 

0.  16 

204 

-30.17 

439 

SEAT  ACCELERATION  (Gl 

X  AXIS 

0.  60 

422 

-10.10 

317 

X  AXIS  (SMOOTHED) 

0.  51 

422 

-9.88 

3  1  6 

T  AXIS 

0.  62 

430 

-0. 62 

443 

Z  AXIS 

2.  71 

321 

-0.96 

316 

CHEST  ACCELERATION  (Gl 

X  AXIS 

4.46 

454 

-15.55 

330 

T  AXIS 

2.  04 

338 

-2.29 

472 

Z  AXIS 

11.69 

374 

-2.07 

349 

RESULTANT 

CHEST  SEVERITY  INDEX 

IS.  79 
37.23 

330 

0.  71 

650 

HEAD  ACCELERATION  (G) 

X  AXIS 

0.77 

522 

-1 1 . B6 

385 

T  AXIS 

1.32 

334 

0. 09 

429 

Z  AXIS 

4. 00 

444 

-9.68 

383 

RESULTRNT 

MEAD  SEVERITY  INDEX 

15.16 
42.  15 

385 

0.66 

560 

NEGATIVE  G  STRAP 

194.38 

38B 

65.72 

785 

SHOULOER  STRAP  LOADS  (LB) 

X  AXIS 

56.02 

597.  13 

337 

16.01 

455 

T  AXIS 

1.23 

22.  13 

328 

-4.05 

U45 

Z  AXIS 

21.26 

230.80 

338 

2.09 

463 

RESULTANT 

59.98 

639.58 

337 

16.72 

455 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

34 .  39 

596. S3 

335 

11.89 

727 

T  AXIS 

14.90 

227.  19 

337 

5.51 

745 

Z  AXIS 

41.68 

592.23 

335 

20.40 

763 

RESULTANT 

56.  10 

870. 75 

337 

30.  31 

774 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

32.95 

530. 37 

335 

10.45 

734 

T  AXIS 

13.24 

221.05 

338 

4.11 

752 

Z  AXIS 

40.58 

565. 14 

334 

19.41 

770 

RESULTANT 

54.  02 

805. 25 

336 

30.56 

770 

TOTAL  LHP  LOAD  (LB) 

110.12 

1675.69 

336 

65.57 

770 

SEAT  LINK  LOADS  (LB) 

Y  AXIS  (CENTER1 

54.94 

99.21 

336 

48.  14 

447 

SEAT  LOADS  (LBI 

Z  AXIS  (LEFT) 

44.93 

351.09 

339 

-5. 27 

558 

Z  AXIS  (RIGHT) 

50.44 

326. 20 

339 

-3.10 

694 

Z  AXIS  (CENTER) 

140. 18 

723. 33 

336 

125.31 

219 

Z  AXIS  (SUM) 

235.55 

1 388.45 

166 

337 

220. 30 

242 

V  *  •  **  -  *  •  *  - 
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HORIZONTAL  TEST  PHASE  TESTi  2104 


PARAMETER 


REFERENCE  MARK 

TIME  OF  IMPACT  START 

SLEO  ACCELERATION  (Cl 
X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 
Z  AXIS 

SLED  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  (NEASUREO) 

SEAT  ACCELERATION  (G) 

X  AXIS 

X  AXIS  -  (SMOOTHEOI 
T  AXIS 
Z  AXIS 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVER  ITT  INDEX 

NEGATIVE  G  STRAP 

SHOULDER  STRAP  LORDS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

LEFT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LB) 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTERI 
Z  AXIS  (SUM) 


2104 

SUBJi  G-3 

NT  i 

165.0 

CELL:  0 

EIMPACT 

IHPRCT 

TIME 

IMPACT 

TIME 

ERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

201 

260 

0.58 

414 

-9.  64 

30E 

0. 40 

4  1  S 

-9.51 

305 

0.48 

315 

-0.68 

501 

1.99 

429 

0.  07 

312 

0.  00 

246 

-30. 01 

41C 

0.29 

247 

-30.27 

435 

0.71 

417 

-10.  15 

313 

0.61 

417 

-9.91 

312 

0.  76 

469 

-0.50 

464 

2.  75 

317 

-1.00 

312 

3.  33 

445 

-15.45 

324 

6.78 

329 

-2.31 

373 

14.53 

370 

-7.  81 

351 

17.  29 
47.35 

325 

0.44 

781 

2.  12 

477 

-13. 95 

375 

1.94 

456 

-0.  10 

438 

2.19 

407 

-12.99 

344 

17.  22 
$3.51 

371 

0.41 

734 

245.23 

383 

37.49 

797 

38.46 

632.79 

333 

-3.68 

481 

2.  9B 

11.50 

313 

-6.72 

U  76 

18.83 

271. 3B 

331 

-5.99 

478 

42.96 

687.60 

333 

1.35 

477 

16.  US 

709.07 

328 

6.  02 

204 

7.20 

316. 10 

329 

1 . 76 

227 

19.  17 

681.14 

329 

9.68 

755 

28.47 

1032. 78 

329 

21.11 

755 

18.  18 

716.23 

330 

10.45 

786 

7.43 

285. 73 

329 

4.08 

212 

23.  76 

741.09 

329 

18.  92 

747 

30.95 

1068.08 

330 

28.  1 1 

747 

57.41 

2100. 86 

330 

51.65 

243 

44.98 

72.29 

332 

-6.19 

663 

20.  95 

308.60 

333 

-12. 73 

436 

35.  36 

422. 14 

331 

6.  34 

460 

139.75 

964.96 

333 

131.44 

265 

196.06 

1694. 17 

333 

173.98 

771 

V 


v  v.v/. 


HORIZONTAL  TEST  PHASE 

TEST :  2067 

SUBJ:  H-6 

HT: 

1B8.0 

CELL:  0 

PARAMETER 

PREIMPACT 

AVERAGE 

IMPACT 

MAXIMUM 

TIME 

(MSEC) 

IMPACT 

MINIMUM 

TIME 

(MSEC) 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

235 

300 

SLEO  ACCELERATION  (G) 

X  AXIS 

0.64 

474 

-9.58 

X  AXIS  (SMOOTHED) 

0.51 

474 

-9.42 

T  AXIS 

0.60 

346 

-0.64 

Z  AXIS 

2.56 

353 

-0.  87 

SLEO  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.00 

235 

-29.65 

TACHOMETER  (MEASUREO) 

0.23 

239 

-30.04 

SEAT  ACCELERATION  (G) 

X  AXIS 

0.77 

457 

-12.86 

X  AXIS  (SMOOTHED) 

0. 60 

457 

-9.77 

T  AXIS 

0.94 

563 

-1.23 

Z  AXIS 

4.43 

352 

-2.60 

CHEST  ACCELERATION  (G) 

X  AXIS 

9.  73 

516 

-16.57 

T  AXIS 

0.78 

434 

-3.17 

Z  AXIS 

11.70 

355 

-6.25 

RESULTANT 

CHEST  SEVERITT  INDEX 

19.  17 
45.42 

364 

0.27 

HEAD  ACCELERATION  (G) 

X  AXIS 

9.86 

552 

-17.43 

T  AXIS 

3.34 

594 

-4.34 

Z  AXIS 

3.59 

440 

-13.28 

RESULTANT 

HEAD  SEVERITT  INDEX 

21.65 

71.66 

391 

1.05 

NEGATIVE  G  STRAP 

317. BB 

384 

22.91 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

23.  21 

932.25 

374 

-6.64 

r  AXIS 

1.68 

55.24 

370 

-22. 18 

Z  AXIS 

11.78 

334.79 

371 

-8.27 

RESULTANT 

26.  24 

991.26 

375 

1.71 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

14.00 

725.74 

369 

5.43 

T  AXIS 

8.33 

256. 37 

370 

4.20 

Z  AXIS 

17.29 

673.44 

368 

9.96 

RESULTANT 

21.  46 

1022.43 

369 

20.  64 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

16.  33 

699.10 

369 

3.37 

T  AXIS 

5.  18 

193.90 

370 

-1.47 

Z  AXIS 

19.49 

704. 81 

369 

7.26 

RESULTANT 

26.05 

1010.05 

369 

16.44 

TOTAL  LAP  LOAD  (LB) 

50.  52 

2032.48 

369 

43.25 

SEAT  LINK  LOROS  (LB) 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

34.02 

426.45 

369 

-1.01 

Z  AXIS  (RIGHT) 

35.27 

449.66 

368 

-8.62 

Z  AXIS  (CENTER) 

129.09 

1044.41 

367 

117.93 

Z  AXIS  (SUM) 

198. 37 

1914.91 

367 

143.56 

HORIZONTAL  TEST  PHASE 


TESTs  2062 


SUB J i  J- 3 


NT:  167.0 


CELL:  0 


PARAMETER 


PREIMPACT  IMPACT  TIME 

AVERAGE  MAXIMUM  (MSEC! 


IMPACT  TIME 
MINIMUM  (MSEC) 


REFERENCE  MARK 

TIME  OF  IMPACT  START 

221 

278 

SLEO  ACCELERATION  (C) 

X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 

Z  AXIS 

D.  56 
0.45 
0.48 

2.  04 

431 

434 

341 

450 

SLED  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

0.00 

0.  1 1 

240 

225 

SEAT  ACCELERATION  (G) 

X  AXIS 

X  AXIS  (SMOOTHEO) 

T  AXIS 

Z  AXIS 

0.82 

0. 60 
0.63 

2.  95 

435 

435 

449 

437 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

5.  53 
1.13 
10.05 
16.63 
41.25 

472 

412 

396 

341 

HERD  ACCELERATION  (G> 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HERO  SEVERITY  INDEX 

1.01 

1.83 

6.57 

20.  38 
84.24 

564 

545 

466 

366 

NEGATIVE  G  STRAP 

179.60 

363 

SHOULOER  STRAP  LOADS  (LB) 

X  AXIS 
r  AXIS 

Z  AXIS 

RESULTANT 

38.  S4 
2.03 

13. 5B 
40.99 

619.82 

28.12 

217.66 

655.89 

352 

340 

349 

352 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

29.50 

12.  71 

35-  1 1 
47.65 

698. 90 
250.53 
614.75 
963. 62 

3U6 

340 

346 

346 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

29.89 

7.84 

34.67 

46.54 

672. 98 
173. 73 
648. 1 1 
949.87 

346 

347 
346 
346 

TOTAL  LAP  LOAD  (LB) 

94.  19 

1913.49 

346 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

41.37 

59.21 

348 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFTI 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM! 

38.  74 
82.43 
111.43 
212.60 

345. 57 
426. 26 
846. 78 
1614.05 

350 

351 
349 
349 

-9.17  33C 

-9.10  32( 

-0.55  51E 

0.12  ui; 


-29.86 
-30.16  451 


-10. 22 
-9.  85 
-0.  69 
-0.  98 


330 

329 

363 

412 


-15.60  34< 

-2.17  452 

-4.63  372 

0.58 


-17.42  402 

-1.74  462 

-16.21  366 

0.B2  574 


38.59  767 


-6.76  461 

-6.03  483 

-3.75  478 

1.64  492 


22. 99 
7.74 
26.98 
41.14 


224 

226 

228 

228 


19.94  230 

2.46  232 

24.41  254 

39.66  254 

87.82  228 


-0.59  726 


-7.74  455 

10.47  563 

100.02  256 

178.22  483 


HORIZONTAL  TEST  PHASE  TEST t  2110 

SUBJ:  J-1 

HTt 

181.0 

CELL:  D 

PARAMETER 

PREIMPRCT 

IMPACT 

TIME 

IMPACT 

TIHE 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

TIME  OF  IMPACT  STAR ( 

166 

232 

SLEO  ACCELERATION  (C) 

X  AXIS 

0.65 

386 

-9.51 

283 

X  AXIS  13M00THE0) 

0.50 

367 

-9.  50 

284 

T  AXIS 

0.  50 

286 

-0.17 

478 

Z  AXIS 

2.08 

103 

-0.  1  1 

281 

SLED  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0. 01 

207 

-30. 01 

381 

TACHOMETER  (MEASURED) 

0.11 

166 

-30. 28 

407 

SEAT  ACCELERATION  (G) 

X  AXIS 

0.76 

391 

-10. 27 

282 

X  AXIS  (3M00THE0) 

0.61 

389 

•  -9.96 

283 

T  AXIS 

0.60 

116 

-0.  71 

41  1 

Z  AXIS 

3.18 

267 

-1.30 

282 

CHEST  ACCELERATION  (G) 

X  AXIS 

5.09 

119 

-16.51 

298 

T  RXIS 

0.63 

300 

-2.33 

449 

Z  AXIS 

7.07 

290 

-2.  01 

4  6  1 

RESULTANT 

CHEST  SEVERITT  INDEX 

17.50 

38.51 

299 

0.  18 

509 

HERO  ACCELERATION  (G) 

X  AXIS 

0.65 

197 

-10.00 

346 

T  AXIS 

0.58 

116 

-1.82 

355 

Z  AXIS 

S.  12 

110 

-1.39 
0.  32 

459 

RESULTANT 

HEAD  SEVERITT  INDEX 

10.18 

51.11 

317 

211 

NEGATIVE  G  STRAP 

237.85 

355 

53.96 

719 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

77.80 

680.27 

310 

29.97 

467 

r  axis 

0.39 

17.06 

292 

-15.96 

551 

Z  AXIS 

11.99 

173.01 

308 

-2.  11 

439 

RESULTANT 

79.  28 

701.35 

310 

32.83 

422 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

U9.U1 

779.03 

299 

21.17 

716 

T  AXIS 

22.13 

289.13 

300 

10.27 

748 

Z  AXIS 

66.38 

798. 97 

298 

33.87 

756 

RESULTANT 

07.31 

1 152. 53 

299 

13.  16 

759 

RIGHT  LAP  LOADS  (LB) 

X  RXIS 

SO. 13 

711.97 

298 

16.  58 

758 

T  AXIS 

11.91 

228. 79 

299 

1 . 70 

760 

Z  AXIS 

67.  99 

789.26 

296 

26.11 

749 

RESULTANT 

86.01 

1107.71 

299 

35.34 

758 

TOTAL  LAP  LOAD  (LB) 

173. 35 

2260. 23 

299 

82.00 

758 

SEAT  LINK  LOROS  (LB) 

T  AXIS  (CENTER) 

-59.65 

13.18 

615 

-109.85 

554 

SEAT  LOAOS  (LB) 

Z  AXIS  (LEFT) 

60.00 

162. 81 

303 

-1 3. 83 

560 

l  AXIS  (RIGHT) 

73.60 

166. 82 

303 

-12.23 

524 

l  AXIS  (CENTER) 

211.55 

1111.39 

302 

190.13 

450 

Z  AXIS  (SUM) 

318. 15 

2073.01 

303 

188. 38 

450 

HORIZONTAL  TEST  PHASE  TESTi  2073 


PARAMETER 


REFERENCE  MARK 

TIME  OF  IMPACT  START 

SLEO  ACCELERATION  (Gl 
X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 
Z  AXIS 

SLEO  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASUREO) 

SEAT  ACCELERATION  (G) 

X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 
Z  AXIS 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HERO  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITY  INDEX 

NEGATIVE  G  STRAP 

SHOULDER  STflRP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

LEFT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LB) 

SEAT  LINK  LOADS  (LB) 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 


2073 

SUB J  t  K-l 

NT: 

176.0  1 

CELL:  D 

IMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

:rage 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

234 

293 

0.58 

447 

-9.  66 

344 

0.  42 

4  46 

-9.  48 

344 

0.  SO 

338 

-0.  63 

530 

2.  45 

346 

-0.  79 

340 

0.  02 

278 

-29. 73 

443 

0.  16 

257 

-30. 1  1 

466 

0.  77 

449 

-12.35 

324 

0.  57 

4S0 

-9.  84 

347 

0.87 

616 

-1.25 

340 

U.  45 

345 

-2.65 

340 

S.  44 

493 

-14.35 

356 

0.  99 

410 

-4.  39 

467 

12.  08 

348 

-6.60 

386 

15.  39 

358 

0.  29 

509 

47.53 

1 . 78 

527 

-17. 05 

3  78 

1.76 

505 

-1.66 

406 

4.39 

442 

-20. 05 

378 

28.  S3 

378 

0.  55 

624 

70.  94 

255.01 

372 

28.  44 

821 

25.38 

863.93 

370 

-5.  77 

493 

I.U6 

23.50 

368 

-9.  52 

573 

11.68 

297.61 

368 

-6.52 

510 

28.07 

914.00 

370 

0.89 

504 

18.70 

733. 09 

365 

2.  91 

721 

10.88 

253. 30 

365 

5.82 

239 

21.32 

641.77 

364 

10.  16 

783 

30.1*7 

1006. 70 

365 

17.  23 

796 

20.65 

720. 00 

364 

6.  68 

798 

5. SI 

171.09 

366 

-1.45 

251 

23.  IV 

661 . 55 

364 

14.77 

776 

31.58 

1005. 64 

364 

24.  71 

824 

62.05 

2010. 74 

365 

45.03 

796 

37.43 

416.67 

364 

-11.06 

608 

56.15 

517.04 

365 

2.  61 

765 

102. 07 

659. 36 

365 

90.  91 

282 

195.65 

1793. 27 

365 

142. 46 

511 

•  -  A.  -  » ■ 


HORIZONTAL  TEST  PHASE  TESTi  2155 

SUBJi  Ml  3 

NT  i 

176.0 

CELL:  0 

PAAANETEA 

PREIMPACT 

AVERAGE 

IMPACT 

MAXIMUM 

TIME 

(MSEC) 

IMPACT 

MINIMUM 

TIME 

(MSEC) 

REFERENCE  HARK 

TINE  OF  IMPACT  START 

234 

304 

SLEO  ACCELERATION  IC> 

X  AXIS 

X  AXIS  (SMOOTHED! 

r  axis 

t  AXIS 

0.61 

0.47 

0.47 

2.22 

460 

460 

3S7 

477 

-9.61 
-9.56 
-0.31 
-0.  1 1 

358 

362 

560 

353 

SLED  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

0.02 

0.21 

288 

258 

-30. 04 
-30.29 

454 

479 

SEAT  ACCELERATION  (G) 

X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 

Z  AXIS 

0.71 

0.59 

0.68 

3.  17 

464 

463 

490 

358 

-10.17 

-9.92 

-0.50 

-1.43 

354 

355 
484 
353 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INOEX 

3.35 

0.61 

7.  36 
12.98 
30.57 

500 

473 

421 

383 

-12.26 
-1.66 
-0.98 
0.  19 

382 

554 

461 

548 

HERO  ACCELERATION  (G) 

X  AXIS 

r  axis 

Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

0.79 

1.73 

3.95 

11.54 

26.03 

S5B 

558 

497 

441 

-9.  74 
-2.17 
-9.01 
0.  63 

388 

438 

440 

522 

NEGATIVE  G  STRAP 

212.29 

436 

64.  18 

344 

SMOULDER  STRAP  LOAOS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

86.89 

11. 04 
30.27 
102.14 

606.86 

39.28 

199.22 

639.73 

381 

371 

381 

381 

43.52 

-9.68 

4.57 

45.99 

504 

483 

496 

504 

LEFT  LAP  LOROS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

AESULTANT 

66.80 

24.28 

75.95 

104.04 

579.80 

183.94 

546.01 

817.39 

366 

367 

368 

S66 

29.  70 
13. B6 
37.94 
57.51 

B07 

786 

816 

616 

RIGHT  LHP  LOAOS  (LB) 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

61.39 

19.38 

69.51 

94.79 

552.27 

169.19 

541.79 

791.94 

368 

368 

367 

368 

22.  30 
5.53 
30.94 
48.43 

829 

825 

821 

621 

TOTAL  LAP  LOAD  (LB) 

188.83 

1609. 33 

368 

111.48 

821 

SCAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

-88.68 

-15.83 

715 

-70.65 

249 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

I  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

69.90 

72.86 

137.76 

280.32 

358.03 

382.23 

650.39 

1  389 .  13 

372 

375 

360 

372 

-12.03 
-7.  77 
120.53 
254.89 

686 

561 

269 

830 

172 


NOR! ZONTRL  TEST  PHASE 


TEST  t  21 SS 


SUBJi  P-3 


MTi  201.0 


CELL  t  0 


PARAMETER 

PREINPACT 

AVERAGE 

REFERENCE  NARK 

TINE  OF  IMPACT  START 

SLED  ACCELERATION  (Cl 

X  AXIS 

X  AXIS  (SMOOTHED! 

T  AXIS 

Z  AXIS 

SLED  VELOCITT  (FT/SEC) 

integrated  acceleration 

TACHOMETER  (NEASUREO) 

SEAT  ACCELERATION  (Cl 

X  AXIS 

X  AXIS  (SMOOTHED] 

T  AXIS 

Z  AXIS 

CHEST  ACCELERATION  (Cl 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

HERO  ACCELERATION  (Gl 

X  AXIS 

T  AXIS 

I  AXIS 

RESULTANT 

HEAD  SEVERITT  INDEX 

NEGATIVE  G  STRAP 

SMOULDER  STRAP  LOROS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

39.  45 
l.OU 
6.28 
(10.03 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

22.78 

7.20 

28.97 

37.00 

RIGHT  LAP  LOAOS  CL8) 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

19.59 
6.52 
25.  36 
32.25 

TOTAL  LAP  LORO  (LBI 

69.85 

SEAT  LINK  LOADS  (LBI 

T  AXIS  (CENTER) 

4.66 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 
l  AXIS  (SUM) 

51.29 
B5.25 
142.60 
259. 14 

IMPACT 

TIME 

IMPACT 

TIME 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

189 

231 

0.68 

384 

-9.61 

276 

0.  55 

386 

-9.49 

279 

0.48 

266 

-0.54 

489 

1.69 

402 

0.17 

282 

0.02 

216 

-29.91 

380 

0.23 

162 

-30. 16 

403 

0.  67 

391 

-10. 17 

283 

0.04 

389 

-9.94 

262 

0.80 

529 

-0.69 

330 

2.  54 

287 

-1.01 

282 

4.  15 

419 

-17.26 

297 

2.  75 

369 

-3.49 

308 

12.  18 

ass 

-8.60 

335 

18.  17 

297 

0.05 

597 

53.86 

2.31 

491 

-T3.52 

369 

1.43 

539 

-2.29 

366 

2.  59 

402 

-16.02 

320 

19.69 

S22 

0.39 

749 

68.74 

232.54 

380 

44.89 

759 

861.72 

307 

-0.00 

462 

49.75 

304 

-12.87 

518 

170.46 

307 

-9.59 

525 

879.64 

307 

2.41 

447 

821.75 

299 

20.03 

163 

266.51 

300 

1.43 

175 

606.42 

299 

25.36 

161 

1181.78 

900 

34.  69 

161 

764.96 

299 

6.43 

220 

246.75 

299 

1.90 

760 

796.85 

299 

23.  39 

160 

1131.82 

299 

27.  15 

220 

2313.34 

299 

84.41 

177 

140. 17 

584 

3.  14 

161 

521.50 

301 

-3.90 

453 

543. 51 

903 

-10. 38 

577 

1015. 16 

303 

135. 16 

236 

2075.59 

303 

156.  18 

449 

HORIZONTAL  TEST  PHASE 


TESTi  2103 


SUBJi  R-2 


NT:  143.0 


CELL:  0 


PREIMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC 

REFERENCE  MARK 

179 

TIME  OF  IMPACT  START 

236 

SLED  ACCELERATION  1C) 

X  AXIS 

0.  50 

388 

-9.  53 

28 

X  AXIS  ISHOOTHED) 

0.  30 

405 

-9.  44 

28 

T  AXIS 

0.  47 

286 

-0.41 

I  AXIS 

1 . 46 

402 

0.  1  1 

28 

SLED  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.02 

223 

-30. 04 

38 

TACHOMETER  (MEASURED) 

0.  21 

228 

-30.41 

41 

SEAT  ACCELERATION  (C) 

X  AXIS 

0.  58 

394 

-10.08 

28 

X  AXIS  (SMOOTHEO) 

0.  45 

392 

-9.  88 

28 

r  AXIS 

0.72 

397 

-0.  64 

35! 

Z  AXIS 

2.82 

293 

-1.06 

28 

CHEST  ACCELERATION  (G) 

X  AXIS 

5.  85 

415 

-19.45 

29 

T  AXIS 

1 . 69 

410 

-3.84 

39 

l  AXIS 

7.  53 

286 

-1.23 

51 

RESULTANT 

20.82 

296 

0.  74 

63 

CHEST  SEVERITY  INDEX 

46.90 

HEAD  ACCELERATION  (G) 

X  AXIS 

2.  88 

505 

-16. IS 

32 

T  AXIS 

1.31 

491 

-2.35 

32 

Z  AXIS 

3. 07 

400 

-19.28 

31 

RESULTANT 

24. 79 

318 

0.61 

24 

HEAD  SEVERITY  INOEX 

101.07 

NEGATIVE  G  STRAP 

257. 96 

320 

1 T.  59 

24 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

19.25 

659. 99 

315 

-6.  13 

48 

Y  AXIS 

1 . 94 

24.48 

302 

-8.  54 

65 

Z  AXIS 

11.68 

276. 30 

311 

-1.07 

47 

RESULTANT 

22.66 

713. 84 

315 

4.04 

48 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

12.63 

561.45 

300 

8. 88 

19 

T  AXIS 

6.50 

252.71 

302 

1.71 

22 

Z  AXIS 

13.63 

580. 44 

299 

6.61 

21 

RESULTANT 

19. 88 

645.82 

300 

15.16 

21 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

12.61 

563.27 

299 

3.  16 

19 

T  AXIS 

6.  75 

274.64 

301 

0.61 

18 

Z  AXIS 

16.04 

622.42 

299 

6.94 

1  7 

RESULTANT 

21.71 

882.45 

299 

17.03 

17 

TOTAL  LAP  LOAD  (LBI 

41.59 

1727.88 

300 

37.20 

1  7 

SEAT  LINK  LOADS  (LB) 

T  AXIS  (CENTER) 

o 

o 

123. 95 

307 

-121.46 

56 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

9.53 

166.51 

305 

-14.71 

42 

Z  AXIS  (RIGHT) 

31.14 

324.99 

298 

-16.45 

49 

Z  AXIS  (CENTER) 

113.22 

1001.52 

306 

106. 03 

24 

Z  AXIS  (SUM) 

153.89 

1491.50 

306 

149. 38 

19 

174 


yO  .v  .  • 


HORIZONTAL  TEST  PHASE  TEST:  2093  SUBJ:  R-3  HT:  150.0  CELL:  0 


PARAHETER 


REFERENCE  HARK 
TIRE  OF  IMPACT  START 

SLED  ACCELERATION  (C) 

X  AXIS 

X  AXIS  (SMOOTHEOI 
T  AXIS 
Z  AXIS 

SLED  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED! 

SENT  ACCELERATION  (G) 

X  AXIS 

X  AXIS  (SMOOTHED) 

T  AXIS 
Z  AXIS 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HEAO  ACCELERATION  (G I 
X  AXIS 
T  AXIS 
Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

NEGATIVE  G  STRAP 

SHOULDER  STRAP  LOADS  (LB  I 
X  AXIS 
T  AXIS 
Z  AXIS 

RESULTANT 

LEFT  LAP  LOROS  ILBl 
X  AXIS 
T  AXIS 
Z  AXIS 

RESULTANT 

RIGHT  LAP  LOADS  (LSI 
X  AX  IS 
T  AXIS 
Z  AX  IS 
RESULTANT 

TOTAL  LAP  LOAO  (LBI 

SEAT  LINK  LOADS  (LBi 
T  AXIS  (CENTER) 

SEAT  LOAOS  (LBI 

Z  AXIS  (LEFT) 

Z  AXIS  (R  I  GHT I 
Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 


PREIMPACT  IMPACT 


AVERAGE 

MAXIMUM 

0.  57 
0.  39 
0.  H8 
1.91 

0.  01 
0.  28 

0.  70 
0.  59 
0.  75 
2.65 

H.  87 
0.55 
7.  60 
1H.  13 
32.  56 

2.  32 
0.  H7 
1 . 99 
15.  73 
45. 97 

203. 91 

66.33 

673. 55 

6.  HO 

38.60 

3H.99 

306. 81 

75  .  30 

7H1 . 02 

HI  .  84 

539. 74 

20.  20 

225. 7 H 

50.73 

534.09 

6  B .  82 

,'90.  H9 

37. 93 

501 . 99 

17.13 

205. 65 

H  6 . 86 

523.90 

62.  75 

754.  16 

131. 57 

1542. 97 

76.05 

111.31 

1H.  30 

222. 52 

32.57 

286. 47 

1 77. 30 

791.44 

22U . 6  7 

1 297. 39 

TIME  IMPACT  TIME 

(MSEC)  MINIMUM  (MSEC) 


1  BO 
237 


390 

-9.  43 

265 

391 

-9.  37 

28E 

291 

-0.51 

4  76 

H  06 

0.  17 

286 

217 

-29. 91 

3  BE 

229 

-30. 17 

4  12 

395 

-10. 05 

289 

393 

-9.  65 

2BE 

445 

-0.61 

35E 

293 

-  0.  84 

286 

4  1  6 

-13.62 

301 

438 

-3.11 

426 

295 

-3.  09 

446 

297 

0.51 

436 

476 

-1 2. 86 

351 

532 

-2.16 

353 

422 

-10.42 

317 

317 

0.  1  1 

435 

319 

35.  08 

701 

309 

-6.40 

455 

3  03 

-H.  67 

4  Si 

307 

-7.  06 

4  59 

309 

1.15 

435 

309 

19.  24 

74  C 

307 

11.10 

742 

307 

28.01 

744 

307 

42.22 

74  4 

306 

19.  74 

7  73 

305 

9.01 

6  4  C 

306 

29.45 

7  7  i 

306 

42.15 

77  i 

306 

88.13 

7  7  7 

307 

-96. 73 

4  1  7 

309 

-  1  J.  52 

4  Ot: 

310 

-0.33 

755 

308 

162.43 

1  e9 

308 

183.88 

76  1 

HORIZONTAL  TEST  PHASE  TESTi  21S0 

SLBJ:  T-l 

NT  t 

166.0  CELL:  0 

PREIMPACT 

IMPACT 

TIME 

IMPACT 

TIME 

PARAHETEA 

AVERAGE 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARK 

160 

T1HE  OF  IMPACT  START 

248 

SLEO  ACCELERATION  1C) 

-9.56 

294 

X  AXIS 

0.  59 

400 

X  AXIS  (SMOOTHED) 

3. 40 

401 

-9.50 

297 

T  AXIS 

0.  47 

297 

-0.  35 

501 

Z  AXIS 

1.82 

417 

0.11 

299 

SLED  VELOCITT  (FT/SEC) 

-29. 96 

396 

INTEGRATED  ACCELERATION 

0.00 

230 

TACHOMETER  (MEASURED) 

0.22 

187 

-30.29 

423 

SEAT  ACCELERATION  (C) 

300 

X  AXIS 

0.65 

401 

-10.19 

X  AXIS  (SMOOTHED) 

0.48 

402 

-9.  95 

299 

T  AXIS 

0,  53 

398 

-0.  65 

367 

Z  AXIS 

2.71 

304 

-1.07 

299 

CHEST  ACCELERATION  (G) 

-14.78 

309 

X  RXIS 

6.60 

423 

T  AXIS 

1.51 

429 

-3.  06 

415 

Z  AXIS 

6.  18 

30E 

-0.  93 

456 

RESULTANT 

15.  71 

307 

0.  28 

651 

CHEST  SEVERITY  INDEX 

34. 36 

HEAD  ACCELERATION  (G) 

366 

X  AXIS 

1.73 

462 

-11.99 

T  AXIS 

1.10 

463 

-1.32 

343 

Z  AXIS 

7.43 

423 

-3.  76 

339 

RESULTANT 

1  2.  20 

366 

0.47 

446 

HEAD  SEVERITY  INDEX 

36.  ID 

NEGATIVE  G  STRAP 

267.59 

466 

59.22 

779 

SHOULDER  STRAP  LOADS  (LB) 

453 

X  AXIS 

74.83 

756. 37 

324 

27.00 

T  AXIS 

1  .  64 

20.81 

317 

-8.  79 

369 

Z  AXIS 

29.68 

284.57 

326 

4.77 

739 

RESULTANT 

80.55 

808. 34 

326 

30.  65 

453 

LEFT  LAP  LOADS  (LBI 

23. 39 

764 

X  AXIS 

3U  .  24 

580. 89 

317 

Y  AXIS 

12.  34 

204.46 

319 

8.59 

222 

Z  AXIS 

41.92 

573.98 

316 

32.04 

775 

RESULYANT 

55. 57 

841.56 

317 

46.37 

775 

RIGHT  LAP  LOADS  (L8) 

226 

X  AXIS 

34.86 

584.32 

316 

21.70 

T  AXIS 

14.97 

229. 63 

318 

10.  15 

1  94 

Z  AXIS 

43.  74 

607.12 

315 

36.77 

230 

RESULTANT 

58.01 

873.02 

316 

49.  17 

777 

TOTAL  LAP  LOAD  (LB) 

1  13. 58 

1712.90 

317 

98.10 

775 

SEAT  LINK  LOADS  (LB) 

-14.86 

430 

Y  AXIS  (CENTER) 

86.  10 

134.01 

318 

SEAT  LORDS  (LB) 


AXIS 

(LEFTI 

43.46 

328.61 

318 

-15.56 

568 

AXIS 

(RIGHT) 

36.09 

356. 40 

320 

-1.73 

520 

AXIS 

(CENTER) 

177.36 

884.21 

319 

165.34 

207 

AXIS 

(SUM) 

258. 91 

1 567. 69 

320 

233. 95 

751 

176 


horizontal  test  phase 


TEST;  2143 


PYROMETER 


PRf ! MPACT 
AVERAGE 


REFERENCE  HARM 
TIME  OF  IMPACT  START 


Sled  acceleration  igi 
x  ax  I  ;s 

X  AXIS  (SMOOTHEOI 
T  AXIS 
Z  AXIS 


SLEO  VELOCITT  (FT/SECI 

integrated  acceleration 

TACHOMETER  (MEASURED! 


SEAT  ACCELERATION  IGI 
X  AXIS 

X  AXIS  (SMOOTHEOI 

r  axis 

Z  AXIS 


CHEST  ACCELERATION  (G) 
X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITT  INDEX 


HE AO  ACCELERATION  (G! 
X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITT  INDEX 


NEGATIVE  G  STRAP 

118.75 

SMOULDER  STRAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

85.07 
6.  08 
28.13 
89.  84 

LEFT  LAP  LOADS  (LBI 

X  AXIS 

T  AXIS 

Z  AXIS 
resultan  r 

31.03 
13.  70 
44.47 
SB.  00 

RIGHT  lap  LOAOS  (LBI 

X  AXIS 

T  AXIS 

Z  AX  IS 

resultant 

30. 44 
8. 86 
40  .  79 
51.72 

total  lap  loro  (LBI 

107. 72 

SEAT  link  LOAOS  (LBI 

T  AXIS  (CENTERI 

13.  89 

SEAT  LOADS  (LBI 

Z  AXIS  (LEFT! 

Z  AXIS  (RIGHTl 

Z  AXIS  (CENTERI 

Z  AXIS  (SUM) 

52.  33 
63.40 
201.22 
316. 95 

SUB  J :  N-4 


NT:  194.0 


CELL:  D 


IMPACT  TIME 
MAXIMUM  (MSEC) 


IMPACT  TIME 
MINIMUM  (MSEC) 


158 

233 


0.64 

408 

0.  SO 

388 

0.47 

287 

2.11 

408 

0.00 

150 

0.  34 

1  96 

0.  94 

396 

0. 60 

395 

0.  89 

406 

3.  51 

395 

12.  39 

436 

2.  68 

4  38 

7.43 

3  SO 

18.95 

298 

51.22 

-9 

.  63 

281 

-9 

.  49 

2  83 

-0 

.  71 

476 

0 

.  02 

4  OC 

-29, 

90 

362 

-30. 

1  6 

4  07 

-10. 

23 

285 

-9. 

95 

284 

-0. 

82 

428 

-1  . 

32 

401 

-18. 

50 

298 

-3. 

39 

295 

-5. 

22 

460 

0. 

60 

483 

6.  65 

445 

0.91 

452 

11.65 

439 

12.73 

44  1 

35.  98 

437. 68 

358 

761.78 

304 

33.45 

301 

265.40 

303 

80  7.  34 

304 

794.96 

305 

313.17 

304 

847. 82 

304 

1202. 28 

305 

810.97 

304 

273. 50 

304 

619.33 

304 

1227. 07 

304 

2427.49 

304 

117.16 

448 

466. 98 

309 

598 . 65 

306 

1 277. 88 

308 

2292. 87 

308 

-10 

.  55 

302 

-2 

.  15 

366 

-4 

.47 

468 

0 

.61 

640 

38 

.  10 

696 

-3 

.  16 

44  1 

-14 

.  3? 

358 

-2 

.  24 

430 

1  . 

.  08 

429 

8. 

.  04 

739 

4. 

69 

687 

18. 

97 

728 

28. 

60 

728 

7. 

23 

707 

2. 

on 

214 

19. 

70 

673 

28. 

81 

673 

63. 

21 

739 

-18. 

62 

700 

-9. 

69 

704 

-11. 

38 

4  1  6 

184. 

37 

236 

288. 

43 

uSu 

RESTRAINT  CONFIGURATION  STUDY  TEST  NO*  2103  SUBJ  IDs  R-2 


IN  MILLISECONDS 


3-a  tai  rans 


IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO* 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO:  3103  SUBJ  ID:  R-2 


SUBJ  ID:  R-2 


IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO:  2103  SUBJ  ID:  R-2 


TINE  IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDV  TEST  NO:  2103  SUBJ  IDt  R-2 


IN  MILLISECONDS 


VERTICAL  TEST  PHASE 


TEST!  712 


SUBJi  8-2 


WT !  190.0 


CELL:  E 


FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARM 

1  178 

TIME  OF  IMPACT  START 

1302 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

2.90 

1302 

-2.  55 

1310 

T  AXIS 

0.53 

1336 

-0.60 

12  98 

Z  AXIS 

10.60 

1338 

-0.  12 

1256 

Z  AXIS  (SMOOTHED! 

S.  91 

1343 

-0.  02 

1240 

CARRIAGE  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

1296 

-26. 25 

1634 

TACHOMETER  (MEASURED) 

-1.20 

1661 

-26. 22 

1302 

SEAT  ACCELERATION  (G) 

X  AXIS 

2.22 

1302 

-1.93 

1348 

T  AXIS 

1.87 

1  346 

-0.  75 

1  354 

Z  AXIS 

12.59 

1340 

-0.  69 

1306 

Z  AXIS  (SMOOTHED! 

11. OB 

1  340 

-0.  07 

1241 

CHEST  ACCELERATION  (G! 

X  AXIS 

3.62 

1  356 

-0.  B8 

1378 

T  AXIS 

l.OS 

1388 

-2.09 

1366 

Z  AXIS 

24.60 

1360 

-0.  75 

1236 

RESULTANT 

24.74 

1  360 

0.  22 

1303 

CHEST  SEVERITY  INDEX 

46.13 

HEAD  ACCELERATION  (G) 

X  AXIS 

3.  73 

1346 

-1.13 

1402 

T  AXIS 

0.63 

1262 

-1.77 

1364 

Z  AXIS 

12.54 

1  3S4 

-0.46 

1178 

RESULTANT 

13.14 

1351 

0.  56 

1301 

HEAD  SEVERITY  INDEX 

21.73 

SHOULOER  STRAP  LOADS  (LB! 

X  AXIS 

90.29 

128S 

195.23 

1367 

T  AXIS 

1 .  79 

594 

0.19 

1367 

Z  AXIS 

1.29 

446 

33.48 

1373 

RESULTANT 

80.  S2 

1287 

197.93 

1369 

LEFT  LHP  LOADS  (LB! 

X  AXIS 

83.  67 

1279 

82.42 

1  370 

47. 54 

134  1 

T  AXIS 

19.  47 

1  ?,2 

14.76 

1381 

2.  38 

1348 

Z  AXIS 

85.23 

VV  ‘7 

53.84 

1  373 

21.44 

134  1 

RESULTANT 

120.20 

•  '  '  3 

98. 6B 

1370 

52.56 

1341 

RIGHT  lap  LORDS  (LB! 

X  AXIS 

86.  24 

'  283 

79.86 

1370 

47.  94 

1340 

T  AXIS 

18.  30 

.«s3 

11.17 

1  385 

3.40 

1  354 

Z  AXIS 

99.  69 

1280 

59.01 

1369 

24.59 

1  340 

RESULTANT 

131.44 

1283 

99.79 

1  368 

54.09 

1340 

TOTAL  LAP  LOAD  (LB) 

251.26 

1279 

197.92 

1370 

107.57 

134  1 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

19.  60 

796 

47.03 

1372 

-26. 1 1 

1  346 

X  AXIS  (RIGHT! 

22.  39 

44  1 

-7.44 

1  250 

-54. 8  1 

1  309 

X  AXIS  (SUM) 

26.  46 

512 

30.23 

1  372 

-72. 73 

1346 

T  AXIS  (CENTER) 

-21.73 

919 

-14.74 

1579 

-125.66 

I  353 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

40.  75 

441 

752.06 

1371 

8.  72 

1  298 

Z  AXIS  (RIGHT) 

56-  03 

44! 

717. 38 

1373 

14.02 

1261 

Z  AXIS  (CENTER) 

I  77.  76 

1287 

1627.09 

1  355 

150.42 

1  !  70 

Z  AXIS  (SUM) 

242.51 

441 

2654. 1  7 

1370 

189.95 

1  1  74 

SEAT  Z  SUM  /  WT 

1 . 28 

441 

13.97 

1370 

1 . 00 

1  1  74 

RESULTANT  SEAT  LOPO  (LB) 

248. 96 

4  4  i 

2655.29 

1  370 

192.14 

1  1  74 

187 
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VERTICAL  TEST  PHASE  TEST i 

:  692 

SUB  J : 

B-l 

NT:  153. 

,0  CELL 

:  E 

PARAMETER 

FREEFALL 

MAXIMUM 

TIME 

(MSEC) 

IMPACT 

MAXIMUM 

TIME 

(MSEC) 

IMPACT 

MINIMUM 

TIME 

(MSEC) 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

1226 

1354 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

Z  AXIS  (SMOOTHED) 

3.  14 
0.40 
10.69 
9.97 

1354 

1  S 1  0 

1  390 

1  401 

-2.  13 
-0.42 
-0.  13 
-0.  03 

1  356 
1526 
1296 
1311 

CARRIAGE  VELOCITT  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

0.01 
-0. 70 

1  346 
1697 

-26.03 
-25. 94 

1704 

1354 

SEAT  ACCELERATION  (Cl 

X  AXIS 

T  AXIS 

2  axis 

Z  AXIS  (SMOOTHEOI 

2.76 

1.26 

12.91 

n.oe 

1  354 

1  396 
1394 

1  391 

-1.76 
-1.29 
-0.22 
-0.  18 

1356 

1  348 
1322 

1  320 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITT  INDEX 

4.66 
0.70 
19.65 
20.46 
37. 96 

1412 

1440 

1412 

1412 

-0.27 
-1.38 
-0.  45 
0.16 

1356 

1422 

1  340 
1351 

HEAD  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITT  INDEX 

1 . 59 
1.67 
15.91 
16.02 
24.60 

1548 

1410 
1414 

1411 

-2.61 
0.21 
-0.  56 
0.61 

1430 

1478 

1320 

1301 

SHOULDER  STRAP  LOROS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

NO. 4(1 

3.  99 

0.  87 
40.54 

1339 

900 

494 

1339 

82.41 

6.06 

26.87 

86.91 

1415 

1402 

1412 

1415 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

r  axis 

Z  AXIS 

RESULTANT 

123.21 
25.25 
68.  77 
143. 34 

1336 

1338 

1331 

1338 

100.23 

24.20 

50.93 

114.56 

1420 

1417 

1418 
1417 

67. 84 
15.95 
20.55 
73.07 

1376 

1384 

1391 

1391 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

71.61 
30.93 
74.14 
107. 43 

1337 

1335 

1336 

1  3  3U 

72.66 
29. 79 
45.00 
89.27 

1409 

1  U  1  2 
1411 
1411 

43.  30 
15.53 

15.  79 
49.06 

1378 

1391 

1391 

1392 

TOTAL  LHP  LOAD  (LB) 

250. 77 

1339 

201 . 60 

1416 

122.84 

1  391 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM) 

T  AXIS  (CENTER) 

2. 06 
2.01 
-0.61 
12.12 

495 

604 

495 

552 

15.47 

5.52 

18.65 

8.31 

1351 

1  352 
135  1 
1275 

-39. 38 
..21 
-59. 59 
-54.56 

1406 

1406 

1406 

1404 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

SEAT  Z  SUM  /  NT 

37.  14 
58.57 
117.45 
184.49 
1.21 

1339 

1339 

493 

493 

493 

395.50 
416.45 
1285. 27 
2073.44 
13.55 

1406 
1429 

1407 
1407 
1407 

25.  79 

36.  73 
51.78 
121.82 

0.  8C 

1226 

1221 

1225 

1225 

1225 

RESULTANT  SEAT  LOAD  (LB) 

184.67 

493 

2074. 90 

1407 

122. 38 

1225 

VERTICAL  TEST  PHASE  TESTi 

i  666 

SU8J1 

B-3 

NT  s  181, 

.0  CELL 

>  E 

FREEFRLL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARK 

1296 

TIME  OF  IMPACT  START 

1371 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

3.39 

1368 

-2.  05 

1376 

T  AXIS 

0.21 

1580 

-0.69 

1376 

Z  AXIS 

10.57 

1908 

-0.16 

1306 

Z  AXIS  (SMOOTHED) 

9.90 

1 U 1  9 

-0.02 

1277 

CARRIAGE  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

1366 

-26. 05 

1879 

TACHOMETER  1MEASUREO) 

-1.  18 

1777 

-26.  17 

1371 

SEAT  ACCELERATION  (G) 

X  AXIS 

2.90 

1368 

-1.81 

1376 

T  AXIS 

1.91 

1920 

-1.19 

1389 

Z  AXIS 

11.70 

1910 

-0.  17 

1309 

Z  AXIS  (SMOOTHED) 

10.99 

1910 

-0.  1  1 

1276 

CHEST  ACCELERATION  (G) 

X  AXIS 

2.38 

1938 

-0.65 

1966 

r  axis 

0.72 

1956 

-1.67 

1922 

Z  AXIS 

20.91 

1939 

-0.96 

1302 

RESULTANT 

20.56 

1931 

0.  16 

1361 

CHEST  SEVERITY  INDEX 

36.20 

HEAD  ACCELERATION  (Gl 

X  AXIS 

9.  18 

1920 

-0.  18 

1372 

r  axis 

1.92 

1922 

0.  17 

1998 

Z  AXIS 

12.26 

1922 

-0.  78 

1298 

RESULTANT 

13.01 

1922 

0.69 

1  728 

HEAD  SEVERITT  INDEX 

21.28 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

SB. 81 

1357 

197.77 

1951 

T  AXIS 

17.85 

1355 

31.23 

1991 

Z  AXIS 

6. 59 

512 

91.26 

1991 

RESULTANT 

90.61 

1357 

155.60 

1951 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

112. 89 

1316 

109.12 

1939 

60.52 

1910 

T  AXIS 

99.79 

1308 

90.36 

1991 

26.22 

1915 

Z  AXIS 

120. 20 

1322 

75.65 

1990 

93.25 

1909 

RESULTANT 

170. 70 

1323 

133.80 

1938 

80.29 

1910 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

117.59 

1293 

111.21 

1990 

70.  36 

1911 

T  AXIS 

26.01 

1237 

21 .98 

1  995 

9.81 

1910 

Z  AXIS 

132.55 

1236 

89.78 

1937 

98.  06 

1910 

RESULTANT 

178.16 

1299 

193.79 

1939 

85.  77 

1911 

TOTAL  LHP  LORO  (LB) 

392. 79 

1290 

277.20 

1939 

167.06 

1910 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

98.  76 

519 

76.18 

1956 

-5.99 

1353 

X  AXIS  (RIGHT) 

28.90 

529 

19.28 

1  369 

-33.67 

1929 

X  AXIS  (SUM) 

75.90 

519 

59.97 

1956 

-18.69 

1353 

T  AXIS  (CENTER) 

-0.28 

1350 

-0.28 

1350 

-87. 91 

1936 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

33.82 

518 

587.85 

1952 

-16.97 

1379 

Z  AXIS  (RIGHT) 

72.18 

512 

6S6. 51 

1992 

30.61 

1326 

Z  AXIS  (CENTER) 

226. 37 

1297 

1593.98 

1927 

1 75. 78 

1839 

Z  AXIS  (SUM) 

279. 26 

1297 

2359.28 

1935 

298. 12 

1  326 

SEAT  Z  SUM  /  NT 

1.52 

1297 

13.03 

1  93S 

1 . 37 

1326 

RESULTANT  SEAT  LOAD  (LB) 

279. 05 

1297 

2360.87 

1935 

298.19 

1326 

;N; 

,\V 

m 
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VERTICAL  TEST  PHASE  TEST ! 

i  719 

SU8  J : 

C-l 

NT!  171. 

.0  CELL 

s  E 

FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(HSEC) 

REFERENCE  MARK 

1234 

TIME  OF  IMPACT  START 

1362 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

1.56 

1358 

-1.78 

1406 

T  AXIS 

0.74 

1414 

-0.71 

1434 

Z  AXIS 

10.73 

1397 

-0.14 

1306 

Z  AXIS  (SMOOTHED) 

9.89 

1401 

-0.  02 

1302 

CARRIAGE  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.00 

1  356 

-26.05 

1650 

TACHOMETER  (MEASURED) 

-1.  16 

182? 

-26. 27 

1362 

SEAT  ACCELERATION  (G) 

X  AXIS 

1.20 

1410 

-1.73 

1406 

T  AXIS 

1.31 

1406 

-1.03 

1  396 

Z  AXIS 

12.45 

1400 

-0.  15 

1262 

Z  AXIS  (SHOOTHEDI 

11.04 

1398 

-0.09 

1262 

CHEST  ACCELERATION  (G) 

X  AXIS 

2.  18 

1414 

-1.52 

1452 

T  AXIS 

0.62 

1494 

-1.28 

1424 

Z  AXIS 

18.20 

1420 

-0.76 

1312 

RESULTANT 

18.26 

1417 

0.  10 

1350 

CHEST  SEVERITT  INDEX 

34.34 

HEAD  ACCELERATION  (G) 

X  AXIS 

6.09 

1  U20 

-0.  10 

1485 

T  AXIS 

0.80 

1490 

-1.20 

1434 

Z  AXIS 

11.62 

1424 

-0.  63 

1296 

RESULTANT 

13.16 

1420 

0.40 

1357 

HEAD  SEVERITT  INDEX 

24.98 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

89.93 

1344 

209.86 

1444 

T  AXIS 

5. 62 

1160 

10.85 

1452 

Z  AXIS 

-1.36 

501 

37.03 

1432 

RESULTANT 

00.13 

1344 

207.91 

1444 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

132.87 

1345 

114.19 

1427 

81.60 

1  399 

T  AXIS 

Oil.  36 

1343 

31.39 

1423 

21.96 

1407 

Z  AXIS 

1 32. 99 

1345 

88.45 

1  951 

56.05 

1398 

RESULTANT 

193.  16 

1345 

143.36 

1928 

102.10 

1  399 

RIGHT  LHP  LOADS  (LB) 

X  AXIS 

109. 39 

1342 

92.80 

1422 

60.  89 

1399 

r  axis 

3U.  98 

1345 

29.15 

1417 

16.19 

1  397 

Z  AXIS 

125.62 

1344 

76.60 

1  426 

44.27 

1  398 

RESULTANT 

169. 95 

1344 

121.76 

1425 

77.  74 

1399 

TOTAL  LAP  LOAD  (LB) 

362.60 

1345 

264.62 

1428 

179.84 

1399 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

25.  10 

506 

19.00 

1  488 

-18.78 

1419 

X  AXIS  (RIGHT) 

12.  30 

500 

14.64 

1469 

-19.27 

14  12 

X  AXIS  (SUM) 

36.  18 

501 

28.23 

1464 

-35.65 

1413 

T  AXIS  (CENTER) 

-26. 45 

599 

-32.17 

1  706 

-111.54 

1409 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

51.89 

1279 

381.64 

1415 

34.63 

1821 

Z  AXIS  (RIGHT) 

56.02 

500 

426. 16 

1413 

27.  18 

1237 

Z  AXIS  (CENTER) 

207. 42 

1345 

1453.28 

1414 

110.91 

1231 

Z  AXIS  (SUM) 

302. i: 

1345 

2255.03 

14  14 

185. 85 

1231 

SEAT  Z  SUM  /  NT 

I  .  77 

1345 

13.19 

1414 

1 . 09 

1231 

RESULTANT  SEAT  LOAD  (LB) 

305.21 

1345 

2257.82 

1414 

189. 57 

1231 

190 
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vertical  test  PHASE 


TESTi  666 


666  5“8J"  C  'PBt, 

,aa.  “i'™"  — —  . " 

_ ”  ' ~  i  9?? 


HT:  177.0 


CELL:  E 


^vSiv.% 


388 

<•  •  »“  .  ’ 


-\\-\vLv\' 

v;  •■••./.* -N 


PARAMETER 

«f4BEQ?C^P«CT  START 

c-l-SiSCC'1'"’1'" 

T  AXIS 

\  5511  ISHOOTHEO! 

-".W"" 101 

T  «XI| 

\  2511  (SHOOTHEO) 

wtST  ACCELERATION  .0) 

C*  x  AXIS 
T  AXIS 

...» 

T  AXIS 

««HSHa« ae, 

t 

1  AXIS 

RESULTANT 

«'VS.V,“” 

1  851! 

resultant 

,l'' 

T  AXIS 
resultant 

TOTAL  LAP  LOAD  IL8> 

cfat  link  loads  ILB) 

SEA  II L  (CEETl 

*  5x15  lAtG«T> 

> 851!  HB'u- 

SE*T*L»ltli  'LETT' 

a ! 

„.,*«*!  s  ;5-"' 

«MIW  «»’  LW° ,lB’ 


v  V* 


V-  V  */%’  --  % 

«*,  ■*,  4*,  >’  _  ‘  .  »*  , 


42.28 

2 . 76 
1.49 
U2.3N 


64 .  85 

20.51 
66.  36 
94.21 

54.84 

17.39 
58. S3 
82.07 

17S. 56 


2.66 

0.68 

10.58 

9 . 90 

1346 

1344 

1363 

1394 

-2.09 

-0-79 

-0.08 

-0.02 

1354 

1352 

1292 

13  10 

0.01 

-1.18 

1342 

1792 

-26.20 

-26.26 

1681 

1  34  7 

2.15 

1.74 

12.17 

11.09 

1346 

1354 

1388 

1  38S 

-2.06 

-1.56 

-0.29 

-0.15 

1392 

1384 

1242 

1241 

2.97 

-0.44 

18.73 

18.94 

1386 

1368 

1  398 
1398 

-0.62 
-2.53 
-  0  .  SB 
0.84 

1426 

1399 

1230 

1  345 

33.84 

-1.73 

0.88 

-0.78 

1 . 05 

1  446 

2.26 

2.01 

11.39 

11.69 

1396 

1416 

1394 

1394 

1766 

1  324 
1766 

21 .87 

169.21 

14.97 

39.87 

164.71 

1424 

1416 

1417 
1424 

43.98 

4S.95 
112.25 
202- T8 

1.14 
202 . 21 


87. 2B 

24 .05 
62  ■  33 

109-34 

77.81 

20.64 

54.36 
94 . 04 

201-08 

26.69 

3.68 

21.87 

3.70 


463. ' 2 

497.50 

1347.93 

22  79 . 64 

12.67 
2?  79 .9’. 


43.68 

12-?| 

28.92 

58.31 


40.80 

8.32 
20.  95 

52.00 

110.4? 


.22.6? 
-51.6; 
-72.11 
-43. 29 


12.82 
IS.  ?6 
4  4.6 
80.2' 
0. 44 


Vm,c" L  T«r  phase 

'tSTj  64  6 

FftE£ 

maximSm 

"£  or  'mp«ct  start 

c"""{"S»iSc“1“"'««  ic, 

1 I**13 

*  BXIS  'SMOOTHED) 
carriage  velai-ctt 

Integrated  Iaccf,f^S£C) 
tachometer  ?measureo/0n 

SEnTXBAxiseflflT'0N  ,C' 

T  AXIS 
I  5*  IS 

?  »*IS  (SMOOTHED) 

HESX  AxisL£Rflri0N  (C) 

Jlk 

"£™x»c«c£»»,jo„ 

ZAXl's 

*«■>“%??;  IB0E< 
shoulder  strap  i  «on 

X  AXIS  P  LOf)os  UB) 

I  "*IS  Q, 

«sult«nt  ®;  08  ui 

L£nxL8Z1k0RDS  ,LB>  83,37 

|.AXlf  2®-  IB  J29 

RtSULTANT  77’ug  129 

",gh;  **vo"os  ««-•»  n?:4°  l!Si 

l  AX  if  7|. f3  ]29y 

RESULTANT  77 ' ii  1286 

rc™c  IBP  E0B0  ,le,  ,,0:31  ‘III 

st“YsiklP^  J"',s  "9S 

f «« /afi  ?;!I  |/| 

rLS5PS  <CB,  »? 

z  ax  I  !LEFT' 

S  l^rlln  11- 1* 

«"T  *“«  /'W  j ale  <IS 

1.13 
*12.92 


SUBJ:  H-6 


TIME 

(«SEC) 


WT--  168.0 


-w..  , 

BCSULTANT  SEAT  i  nan 

CMI  LOAD  (lb; 


impact  Timf 
maximum  fAseci 


93.25 
6.08 
-f  •  54 
93.  37 

78.  1  B 
26.49 
.  77.  4 g 
1 12. 40 

75.23 

22.  I  I 
, 77. se 
1 10. 31 

222. 15 


1  CELL:  E 

IMPACT  timf 
MINIMUM  (MSEC) 


1.86 
0.40 
10.  65 
9.  94 


-2.  29 
-0.  50 
-0.  10 
-0.  03 


0.01 
-1.  16 

1304 

1  72  7 

-|6. 23 
“26. 03 

1.62 

1.77 

12.76 

11.12 

1308 

1  358 
1350 

1  348 

-1 . 94 
-1.33 
-0.  25 
-0.  20 

2.39 
0.60 
21 . 33 
21.53 
43.52 

1  360 
1446 

1  370 
1370 

"I.  74 
-2.  66 
-0.61 

0.  08 

5.44 

1.70 

11.62 

If-  79 
22.37 

1  366 
1414 
1364 
1364 

-0.  21 
-0.22 
-0.  95 

1 . 03 

1294 

1  198 
450 
1294 

239. 16 

16.56 
,71 .  70 
249. I i 

1398 

1389 

1391 

1  398 

12  92 

1293 
1291 

1294 

1  31 . 75 
38.86 

94.  70 
165.46 

1384 

1389 

1383 

1  383 

54.51 

16.47 

27.  88 
64.63 

130.12 
31 .  l  g 
100. 53 
166.50 

331.70 


19.42 
16.35 
32.  1  1 
0.72 


123. 15 
,194.03 
1440.85 
2242. 47 
11.93 

2243. 68 


52.  26 
11.10 
27.  51 
62.  44 

129. 25 

-18. 98 
-61.43 
-74. 34 
-38. 0] 

13.  39 
13.  75 
88.86 
134. 07 
0.  7] 

I  3  U  On 
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VERT 1CRL  TEST  PURSE 


PARAMETER 


TEST:  68S 


SUB J:  J-4 


freefall 

MAXIMUM 


TIME 

(MSEC) 


REFERENCE  MARK 
TIME  OF  IMPACT  START 

.ARRIAGE  ACCELERATION  (G! 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHEOI 

CARRIAGE  VELOC1TT  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 


I 

*  '-vw  v.1.  wmii  >  i  un  v  ) 

X  AXIS 

T  AXIS 

Z  AXIS 

Z  AXIS  (SMOOTHEOI 

w 

CHEST  ACCELERATION  (G) 

X  AXIS 

•  . 

,  *  h  ♦ 

T  AXIS 

,vV 

Z  AXIS 

>■ . 

RESULTANT 

CHEST  SEVERITY  INOEX 

HEAD  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITY  INDEX 

SHOULOER  STRAP  LOADS  (LB! 
X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 


(LBI 


(LB) 


LEFT  LAP  LOADS 
X  AXIS 
T  AXIS 
l  AXIS 
RESULTANT 

RIGHT  LAP  LOROS 
X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 


TOTAL  LAP  LOAD  (LBI 
SEAT  LINK  LOADS 


(LBI 


m 

X  AXIS 
X  AXIS 

(LEFT) 

(RIGHT) 

X  AXIS 

(SUM! 

v’.v 

T  AXIS 

(CENTER) 

SEAT  LOADS 

(LBI 

l  AXIS 

(LEFT) 

>- 

Z  AX  I  s 

(RIGHT) 

> 

Z  AXIS 

(CENTER) 

Z  AXIS 

(SUM) 

-V  -  . 

SEAT  Z  SUM 

/  NT 

RESULTANT  SEAT  LOAO  (LB) 


IMPACT 

MAXIMUM 


1.46 
1.33 
10.73 
9. 9U 


O.OI 

-1.20 


1 . 50 
1  .  S3 
12.20 
10.99 


2.11 

0.39 

19.01 

19.05 

35.72 


4.11 
2.  IB 
12.  73 
13.33 
26. MB 


58.91 

720 

154.85 

1435 

4.4a 

628 

17. B6 

1446 

-0.  72 

486 

19.10 

1424 

59.66 

740 

156.34 

1435 

97.89 

1330 

107.86 

14)7 

41.79 

1329 

40.02 

14  17 

104.73 

1327 

80.43 

14  17 

148.45 

1330 

140.37 

1417 

88.31 

1330 

107.45 

1420 

18.08 

13  18 

14.19 

1  421 

104.91 

1329 

89.26 

1419 

138.23 

1330 

140.41 

14  19 

286. 6B 

I  330 

277.55 

14  16 

2S.  49 

131  1 

46. 82 

1  384 

32.67 

487 

12.20 

1492 

38.  44 

530 

43.49 

1470 

-22.45 

1283 

-22.45 

1283 

88. 92 

1  329 

559.12 

1  404 

90.  34 

1327 

700.93 

1401 

167.90 

673 

1  2  98. 64 

1403 

283.0! 

1  329 

2547. 8C 

1403 

1 . 51 

1329 

13.62 

1403 

285.  19 

1329 

2548.56 

1403 

55 

.  54 

1  384 

21 

.  75 

1993 

32 

.  84 

13  8  4 

68 

.  88 

I  365 

50. 

.01 

1367 

5. 

77 

!  365 

32. 

.  94 

1  180 

61  . 

.  85 

I  3  84 

1  30. 

94 

1  584 

12. 

6  9 

1  4  i  4 

-4  5. 

70 

mot 

-28. 

91 

14  14 

-63. 

73 

14  11 

48. 

77 

167, 

49. 

2-, 

1  ?4: 

78. 

8  7 

)  2  3.- 

199. 

0  3 

1  22. ■ 

1  . 

00 

1  22  j 

202. 3i 


w 

-* .  « 


NT:  187 

0  CELL 

:  E 

TIME 

I  HP AC  T 

TIME 

(MSEC) 

MINIMUM 

(MSEC) 

•  _* 

■_* 

1220 

134  7 

•; 

1344 

-1.94 

1  390 

V  o 

1  396 

-0.75 

14  18 

2® 

1383 

-0.07 

1258 

1  387 

-0.03 

1  281 

V*- 

I  336 

-25. 99 

I  674 

■%> 

.  v" 

1711 

-26. 25 

1347 

•y. 

1  396 

-1.96 

1  392 

jf 

1  396 

1  384 

-1.02 
-0.  26 

1  3S6 

1230 

m 

1385 

-0.  14 

1  220 

1400 

-1.66 

1  422 

r 

1428 

-1.69 

1  354 

1412 

-1.33 

1498 

1409 

0.33 

1484 

m 

1U02 

-0. 49 

1504 

1466 

-0.39 

1570 

V', 

1406 

-0.46 

1484 

1405 

0. 52 

1  34? 

v-V 

.  i 

aq 


■  V 


>7 
% 

m 


ix 


*• 


.  i  A  .  V. 


VERTICAL  TEST  PHASE  TEST 

:  693 

SUB  J: 

K-l 

NT i  181. 

.0  CELL 

FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC1 

MINIMUM 

REFERENCE  MARK 

1254 

TIME  OF  IMPACT  START 

1376 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

3.38 

1376 

-2.  17 

T  AXIS 

0.53 

1536 

-0.61 

Z  AXIS 

10.72 

1415 

-0.  15 

Z  AXIS  (SMOOTHED) 

9.83 

1427 

-0.  04 

CARRIAGE  VELOCITY  1FT/SEC) 

INTEGRATED  ACCELERATION 

o.ot 

1372 

-26.08 

TACHOMETER  (MEASURED) 

-1.18 

1734 

-26. 36 

SEAT  ACCELERATION  (G) 

X  AXIS 

2.86 

1378 

-1.71 

r  axis 

1  .  36 

1422 

-1.12 

Z  AXIS 

12.43 

1416 

-0.  16 

Z  AXIS  (SMOOTHED) 

10.  93 

1416 

-0.  1  4 

CHEST  ACCELERATION  (G) 

X  AXIS 

3.73 

1450 

-0.  18 

T  AXIS 

1.07 

1512 

-1.65 

Z  AXIS 

19.86 

1442 

-0.  44 

RESULTANT 

20.22 

1442 

0.  14 

CHEST  SEVERITY  INDEX 

40.61 

HEAD  ACCELERATION  (Gl 

X  AXIS 

2.00 

1  U32 

-2.  07 

Y  AXIS 

1.18 

1750 

-3.55 

Z  AXIS 

13.07 

1440 

-1.55 

RESULTANT 

13.99 

1435 

0.  32 

HEAD  SEVERITY  INDEX 

24.40 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

67.90 

1363 

131.05 

1462 

T  AXIS 

4.56 

1339 

4.56 

1  339 

Z  AXIS 

1.46 

518 

36.13 

1450 

RESULTANT 

68.  25 

1364 

165. 96 

1462 

LEFT  LAP  LOADS  (LBI 

X  AXIS 

66.  01 

1304 

78.53 

1446 

33. 69 

T  AXIS 

26.03 

1306 

19.54 

1457 

6.  35 

Z  AXIS 

89.  32 

1318 

U9. 83 

1450 

11.36 

RESULTANT 

125.99 

1316 

93.43 

1446 

37.  30 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

78.58 

1276 

60.71 

1454 

22.4  1 

r  axis 

22.  71 

1292 

14.93 

1450 

3.  91 

Z  AXIS 

81.96 

1285 

37.  13 

1466 

-0.  42 

RESULTANT 

115.68 

1285 

71.03 

1447 

23. 02 

TOTAL  LAP  LOAD  (LB) 

239.94 

1316 

163.00 

1446 

60.82 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

5.19 

1002 

21.04 

1375 

-27.72 

X  AXIS  (RIGHT) 

4. 23 

668 

12.42 

1  54  1 

-43.72 

X  AXIS  (SUM) 

5.  82 

660 

32.26 

1376 

-61.32 

Y  AXIS  (CENTER) 

1.12 

993 

-1.42 

1  7(15 

-44. 60 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFTI 

72.05 

1285 

508 . 45 

1436 

23.10 

Z  AXIS  (RIGHT) 

71.45 

518 

480.08 

1441 

37.  16 

Z  AXIS  (CENTER) 

125.  79 

1  364 

1455. 80 

1433 

81.50 

Z  AXIS  1  SUM) 

238. 22 

1300 

2435.98 

1433 

202.92 

SEAT  Z  SUM  /  WT 

1  .  32 

1300 

13.46 

1433 

1.12 

RESULTANT  SEAT  LORO  (LB) 

238. 30 

1300 

2436. 76 

1433 

202. 99 

:  E 


TIME 

(MSEC 


1384 

1544 

1312 

1313 


1716 

1376 


1422 

1392 

1314 

1312 


1472 
14  70 
1  354 
1  308 


1478 

1612 

1750 

1626 


1417 
1421 
14  16 
1417 


1418 
14  16 
1416 
1418 

14  18 


1446 
1431 
144  1 
1  429 


1  707 
1  738 

1251 

1252 
1252 

125? 


VERTICAL  TEST  PHASE 


TEST!  670 


SUBJ:  H 1 3 


NT:  173.0 


CELL:  E 


PARAMETEA 

FREEFRLL 

MAXIMUM 

TIME 

(MSEC) 

IMPACT 

MAXIMUM 

TIME 

(MSEC) 

IMPACT 

MINIMUM 

TIME 

(MSEC) 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

1  166 
1306 

CARRIAGE  ACCELERATION  (Cl 

X  AXIS 

T  RXIS 

Z  AXIS 

Z  AXIS  (SHOOTHEOl 

1 .55 
0.19 
10.59 
S.  90 

1346 
l  360 
1346 

1  3S  1 

-1.81 
-0.85 
-0.  1  1 
-0.  03 

1356 

1376 

1184 

1  180 

CARRIAGE  VELOCITY  IF T /SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

0.01 

-1.10 

1304 

1664 

-25.99 

-26.23 

1649 

1  306 

SEAT  ACCELERATION  IG) 

X  AXIS 

T  RXIS 

Z  AXIS 

Z  AXIS  (SMOOTHED) 

1.39 
1.19 
11.53 
10.  79 

1302 

1  3S6 

1  350 

1  349 

-1.99 
-0.  34 
-0.  IB 
-0.  1  3 

1352 

1318 

1210 

12)8 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

0.70 
0.56 
20.  15 
20.15 
40.06 

1426 

1362 
1366 

1363 

-2.69 
-1.80 
-0.  68 

0.  48 

1  396 
1346 
1254 
1468 

HEAD  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

3.34 

1.74 

15.08 

15.43 

25.64 

1364 

1412 

1366 

1360 

-0. 80 
-0.  39 
-1.05 

I  .  1  1 

1386 

1384 

1222 

1589 

SHOULDER  STRAP  LOADS  (LB! 

X  AXIS 

T  AXIS 

Z  AXIS 
resultant 

34.24 

3.  32 
-0.77 
34.67 

1293 

504 

449 

1293 

115.19 

7.97 

22.76 

117.08 

1382 

1  307 
1365 
I3»u 

LEFT  LAP  LOROS  (LB) 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

64.96 
31.58 
76.  99 
118. 11 

1287 

1290 
1275 

1291 

78.73 

28.63 

46.61 

94.36 

1373 

1378 

1  377 
1378 

47.59 
19.  20 
IB.  26 
55.24 

1339 

1349 

1347 

1348 

RIGHT  LflP  LORDS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

85.  55 
25.60 
83.  02 
121.09 

1201 

1228 

1191 

1205 

86.83 

21.71 

53.82 

102.57 

1  371 
1374 
1374 

1  375 

43.  43 
11.34 
17.31 
49.  79 

1337 

1342 

1  347 
1348 

TOTAL  LAP  LOAD  (LB) 

233. B7 

1223 

195.92 

1375 

105. 03 

1348 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM! 

Y  AXIS  1CENTERI 

31.81 

39.52 

70.  72 

43.  31 

451 

449 

449 

449 

39.74 
23.  73 
53.53 
27. 43 

1404 

1  190 
1404 
1623 

3.  76 
-3.  75 
1.19 
-1.14 

1353 

1  361 
1353 
1356 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

SEAT  Z  SUM  /  NT 

05.  39 
1Q7. 24 
74.00 
266. 32 
1.54 

449 

450 
449 
449 
449 

499.76 
527. 12 
1376.88 
2396.51 
13.65 

1366 

1371 

136S 

1  365 
1365 

45.  16 
47. 26 
17.4) 
162.55 

0.  94 

1237 

1608 

1  1  92 
1203 
1203 

RESULTANT  SEAT  LOAD  (LB) 

278. 93 

449 

2396.52 

I  365 

169, 59 

1  195 

VERTICAL  TEST  PHASE 


TEST:  721 


SUBJ:  P-3 


WT:  208.0 


CELL:  E 


FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

PARAMETER 

MAXIMUM 

(MSEC! 

MAXIMUM 

(MSEC! 

MIN1MU 

REFERENCE  MARK 
TIRE  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 

l  AXIS  (SMOOTHEO) 

CARRIAGE  VELOCITT  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED! 

SEAT  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED! 


CHEST  ACCELERATION  (G) 


X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITT  INDEX 

HEAD  ACCELERATION  (G) 
X  AXIS 

T  AXIS 

Z  AXIS 
resultant 

HEAD  SEVERITT  INDEX 

SHOULDER  STRAP  LOADS 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

(LB! 

74.34 
-1.40 
-7.18 
78.  10 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

128. 19 
31.28 
124.87 
180.98 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

118.25 

37.03 

130.29 

179.55 

TOTAL  LAP  LOAD  (LB! 

360.34 

SEAT  LINK  L0A05  (LB! 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM! 

T  AXIS  (CENTER! 

1.40 
2.  73 
-1.26 
2.60 

SEAT  LOAOS  (L8I 

Z  AXIS  (LEFT! 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER! 

Z  AXIS  (SUM! 

SEAT  Z  SUM  7  WT 

113.46 
66. 40 

1 60. 70 
333. 25 

1 . 60 

RESULTANT  SEAT  LOAO 

(LB) 

333. 59 

1242 

1367 


1.77 

1364 

-1.54 

0.39 

1580 

-0.  50 

10.51 

1405 

-0.  12 

9.92 

1417 

-0.  03 

0.02 

1359 

-26.27 

-1.20 

1718 

-26.31 

1.50 

1364 

-1.54 

0.99 

1432 

-0.  75 

11.53 

1408 

-0.  16 

10.62 

1406 

-0.  12 

6.02 

1424 

-0.47 

0.  13 

1464 

-1.82 

16.35 

1428 

-1.51 

17.38 

32.68 

1425 

0.  53 

1 . 58 

1504 

-2.  82 

1.03 

1500 

-0.  37 

12.21 

1422 

-0.66 

12. 2B 
23.83 

1416 

0.34 

1350 

223.25 

1459 

546 

0.93 

1839 

521 

3.96 

1418 

1354 

223.43 

1461 

1353 

173.04 

1435 

100. 78 

1345 

38.36 

1439 

21.27 

1354 

141.07 

1  433 

77. 29 

1353 

225.80 

1  432 

132.71 

1  354 

153.99 

1435 

91 .45 

1353 

44.81 

1434 

27.  31 

1352 

135.51 

1434 

76.14 

1354 

209.96 

1434 

127.40 

1354 

435.67 

1434 

261.73 

1324 

20.90 

1489 

-42. 4e 

893 

3.31 

1500 

-27. 68 

590 

21.85 

1492 

-68. 36 

561 

1 . 97 

1  31  4 

-74.66 

1352 

645. 74 

1433 

53.63 

1  344 

535. 32 

1430 

32.  16 

1354 

1583. 98 

1421 

74  .  32 

1353 

2671 . 02 

1430 

163. 26 

1353 

12. 84 

1430 

0.  78 

1353 

2672.54 

1430 

163. 34 

TIME 

(MSEC! 


1414 

1370 

1274 

1275 


1  707 
1367 


1414 

1466 

1316 

1240 


1482 

1440 

1526 

1535 


1488 

1440 

1520 

1532 


1  394 
1405 
1405 
1394 


1400 
1  390 
1405 
1400 

1400 


1411 

1420 

1421 
1420 


1249 
1247 
1242 
1  240 
1240 

124 


VERTICAL  TEST  PHftSE 


TEST:  70? 


SUBJt  R-? 


NT:  U6.0 


CELL:  E 


FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

T  I  ME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSECI 

MINIMUM 

(MSEC) 

r* 

REFERENCE  MARK 

1232 

TIME  OF  IMPACT  START 

1353 

.  •  .  * 

.v.V 

CHRRIRCE  ACCELERATION  (G! 

X  AXIS 

1.68 

1356 

-1.86 

14  04 

T  AXIS 

0.70 

1  398 

-D.  67 

1364 

Z  AXIS 

10.53 

1  394 

-0.  12 

1268 

Z  AXIS  (SNOOTHEO) 

9.94 

1405 

-0.  03 

1266 

CARRIAGE  VELOCITT  (FT/SEC) 

INTEGRATED  RCCEL ERAT I  ON 

0.02 

1347 

-25. 96 

1665 

“> , 

TACHOMETER  (MEASURED) 

-1.12 

1781 

-26. 36 

1353 

k  «r »  • 

SEAT  ACCELERATION  (C) 

X  AXIS 

1.71 

1356 

-1.94 

1400 

T  AXIS 

1 . 54 

1  406 

-1.55 

1352 

Z  AXIS 

11.60 

1408 

-0.  21 

1314 

Z  AXIS  ( SHOO THEO 1 

10.74 

1408 

-0.  1  7 

1254 

CHEST  ACCELERATION  (G) 

'.V. 

X  AXIS 

2.01 

1406 

-0. 64 

1450 

T  AXIS 

0.05 

1454 

-1.92 

1412 

/*. 

Z  AXIS 

20.03 

1  U  1  4 

-0.  57 

1266 

V.V, 

RESULTANT 

20.15 

141  1 

0.54 

1354 

CHEST  SEVERITY  INDEX 

34.76 

y.v, 

HEAD  ACCELERATION  (G) 

X  AXIS 

1.92 

1406 

-0.81 

1446 

tern 

T  AXIS 

1.92 

1506 

0.09 

1440 

Z  AXIS 

12.24 

1424 

-0.  95 

1294 

»  *  « 

RESULTANT 

12.29 

1  424 

0.86 

1648 

HEAD  SEVERITY  INDEX 

22.22 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

54.  1  1 

1338 

123.07 

1434 

T  AXIS 

2.  98 

1205 

19.27 

1435 

Z  AXIS 

4.B8 

1268 

45.74 

1413 

—  — 

RESULTANT 

54.  24 

1330 

131.87 

1436 

m 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

67.  38 

1334 

111.05 

1419 

50. 01 

1365 

T  AXIS 

32.95 

1333 

36.46 

1420 

17.62 

1365 

* » *  * 1 

Z  AXIS 

86.40 

1331 

74.25 

1420 

26.  67 

1  393 

% 

RESULTANT 

126. 22 

1331 

137.48 

1420 

61.13 

13  86 

*  S* 

niGHT  LAP  LOROS  (LB) 

.vVW 

*  v*' 

X  AXIS 

72.  12 

1327 

101.4B 

1  421 

4  1.48 

1  384 

Y  AXIS 

28.61 

1321 

37.24 

1  421 

13.26 

1394 

Z  AXIS 

73.  60 

1325 

70.47 

1422 

19.  36 

13  94 

:V> 

RESULTANT 

106. 82 

1327 

129.04 

1421 

50.65 

1395 

V/.v 

TOTAL  LAP  LOAD  (LB) 

230.43 

1331 

265.82 

1421 

111.68 

13  86 

:•>?: 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

13.  03 

1333 

41.06 

1396 

3.69 

1250 

V  V  1 

X  AXIS  (RIGHT) 

2.01 

589 

3.16 

1465 

-20. 60 

1424 

*  *» 

X  AXIS  (SUM) 

7.  32 

1303 

30.80 

1  396 

-14.47 

1424 

T  AXIS  (CENTER  1 

14.52 

512 

B.  17 

1629 

-27. 39 

1408 

mm 

SEAT  LOADS  (LB) 

y-\v 

Z  AXIS  (LEFT! 

34. 75 

496 

368.25 

1408 

13.  60 

1352 

*  ^ 

Z  AXIS  (RIGHT) 

44.96 

1332 

479.89 

1409 

21.26 

1242 

Z  AXIS  (CENTER) 

156. 66 

13U1 

1205. 23 

1  4  1  2 

99.45 

12  36 

vVI 

Z  AXIS  (SUM) 

219. 72 

1341 

2055.62 

1410 

146. 76 

1232 

SEAT  Z  SUM  /  NT 

1 . 50 

1341 

14.08 

1410 

1.0! 

1232 

RESULTANT  SEAT  LOAO  (LB) 

219. 83 

1341 

2055.78 

1410 

146. 93 

1232 

197 


VERTICAL  TEST  PHASE  TEST 

:  69 1 

SUB  J : 

R-3 

NT:  1 56 . 

0  CELL 

:  E 

PARAMETER 

FREEFALL 

MAXIMUM 

TIME 

(MSEC! 

IMPACT 

MAXIMUM 

TIME 

(MSEC) 

I MP AC T 
MINIMUM 

T  !  ME 
(MSEC) 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

1254 

1383 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

T  AXIS 
l  AX  I  S 

Z  AXIS  (SMOOTHEO) 

1.69 

0.44 

10.74 

10.00 

1  376 
1416 
1416 
1427 

-1.94 
-0.60 
-0.11 
-0.  04 

1422 

1446 

1278 

1265 

CARRIAGE  VELOCITT  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

0.01 

-1.19 

1  373 

1  754 

-26. 1 3 
-26. 21 

1  728 
1  363 

SEAT  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

2  AX  I  S 

l  AXIS  (SMOOTHEO) 

1 . 46 

1  .  72 
12.41 
11.01 

1376 

1  426 
1420 
1417 

-1.80 
-0.67 
-0.  34 
-0.20 

1422 
14  18 
1270 
1266 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  index 

3.54 

0.86 

19.94 

20.32 

38.64 

1442 

1486 

1  440 
1440 

-0.61 

-2.00 

-0.51 

0.27 

1468 
1442 
1  260 
1298 

HEAD  ACCELERATION  (Gl 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

1.31 

1.00 

14.22 

14.23 
22.69 

1426 

1508 

1438 

1438 

-2.68 
-0.  63 
-0.61 

0.  34 

1  45R 
1464 
1370 
1338 

SHOULDER  STRAP  LOROS  (LB) 

X  AXIS 

T  AXIS 
l  AXIS 

RESULTANT 

45.95 

7.  90 
7.97 
U6. 62 

817 

1  160 
519 
827 

165. B8 
22.44 
58.75 
176.46 

1452 

1  449 
1450 
1452 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

69.91 

38.  30 
110.66 
135.40 

1362 

1363 

1361 

1362 

66.16 

30.64 

71.18 

100.85 

1437 

1440 

1436 

1434 

40.01 

24.15 

51.94 

70.  50 

14  18 
1421 
14  16 
1418 

RIGHT  LAP  LOADS  (LB) 

X  AX  IS 

T  AXIS 

Z  AXIS 

RESULTANT 

99.  13 
38.  72 
106. 76 
149. 91 

1  362 

1  355 
1363 
1363 

104.24 
36.  77 
77.56 
134.43 

1437 
143? 

1438 
1437 

76.15 

25.  75 

51.48 

96.49 

14)8 
14  17 
14  17 
14  17 

TOTAL  LAP  LOAD  ( LB  1 

265.08 

1362 

234.94 

1437 

167.28 

1418 

SEAT  LINK  LOADS  (LB) 

X  AX  I  5  (LEFT) 

X  AXIS  IRIC.mTI 

X  AXIS  (SUM) 

T  AXIS  (CENTER] 

7.  37 
1.19 

6.  23 

2.  74 

1334 

1  320 
1334 
577 

18.95 

3.53 

21  .  88 
-0.43 

1  375 
1376 

1  376 
1251 

-12.74 
-35. 06 
-40. 74 
-69. 01 

1445 
14  3  3 
144  1 
1430 

SEAT  LOADS  (LBl 

?  AXIS  (LEFT) 

Z  AXIS  (RIGHT! 

Z  AXIS  (CENTERI 

Z  AXIS  (SUM) 

SEAT  Z  SUM  /  WT 

57.27 

84.64 

1 31 . 75 
266.57 

1  .  71 

1361 

1334 

1  363 
1364 

1  364 

343. 31 
426.30 
1370.52 
2124. 72 
13.62 

1436 

1432 

1435 

1434 

1434 

21.94 

27.  34 

8  1.29 
167.54 
1.07 

17  13 

1  3  2C 
12  5,': 

1  253 
1253 

RESULTANT  SEAT  LOAD  (LB; 

266. 67 

1  364 

2126.03 

1434 

167.57 

125' 

««  ’ 
y.> 
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!<•  VERT  ICflL  TEST  PHASE  TEST 

71  1 

SU8J: 

S-6 

NTs  117 

0  CELL 

:  E 

PARAMETER 

FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

T  1  ME 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

1246 

-;..  TIME  Of  IMPACT  START 

1375 

CARRIAGE  ACCELERATION  IGI 

1  *  ■ 

X  AXIS 

1.70 

1412 

-1  .  72 

1420 

•  , 

T  AXIS 

0.42 

1516 

-0.71 

1358 

Z  AXIS 

10.72 

1410 

-0.12 

12  74 

Z  AXIS  ISM00THE0I 

10.06 

1415 

-0.03 

1285 

CARRIAGE  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.02 

1  364 

-26. 1 6 

!  692 

TACHOMETER  (MEASURED) 

-1.17 

1821 

-26. 25 

1375 

L*S 

SEAT  ACCELERATION  (G) 

►  A  X  AXIS 

1.36 

1412 

-i .  eo 

I  4  1  6 

rJ-N  T  RX  I  S 

1 . 50 

1422 

-0.65 

1370 

k>  Z  AX  I  S 

11.55 

1414 

-0.  C9 

1  348 

H 

Z  AXIS  (SMOOTHED) 

10.90 

1412 

-0.  06 

1275 

CHEST  ACCELERATION  (G) 

\v 

X  AXIS 

0.58 

1  548 

-2.40 

14  32 

[■- 

T  AXIS 

0.09 

1558 

-2.45 

1428 

[XV  Z  RX  l  S 

15.84 

1432 

-0.  75 

RESULTANT 

16.18 

1428 

0.  2G 

1371 

CHEST  SEVERITY  INDEX 

30.07 

HERD  ACCELERATION  (G) 

X  AXIS 

2.74 

1422 

-1.17 

1550 

T  AXIS 

1 . 27 

1754 

-0.  50 

1434 

Z  AXIS 

10.97 

1434 

-1.59 

I  7  54 

RESULTANT 

11.28 

1431 

0.42 

1771 

$ 

MEAD  SEVERITY  INDEX 

19.  35 

*v' 

SHOULDER  STRAP  LOADS  (LB) 

V 

X  AXIS 

39.20 

1227 

130.15 

1449 

T  AXIS 

2.  SS 

1348 

5.46 

1545 

Z  AXIS 

10.  90 

1204 

70.34 

1435 

i 

* 

RESULTANT 

UO.  37 

1244 

147. 36 

1450 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

53.  72 

1348 

81.13 

1443 

36.  28 

1395 

T  AXIS 

26.  97 

1351 

36.40 

1  444 

18.  72 

13  93 

l  AXIS 

57.  77 

1  349 

56. 76 

1442 

20.31 

14  11 

%•. 

RESULTANT 

62.67 

1353 

104.74 

1443 

51 . 20 

1412 

v. 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

43.  27 

1  350 

73.  91 

1446 

29. 23 

1399 

s 

T  AXIS 

14.52 

1301 

22.29 

1444 

8. 04 

1  39! 

Z  AX  IS 

50.  1  1 

1295 

56.37 

1444 

12.56 

1411 

RESULTANT 

66.  B7 

1352 

95.58 

1444 

35. 29 

1412 

1  V 

TOTAL  LAP  LOAD  (LB) 

1  48. 73 

1353 

199. 97 

1442 

86.  4.5 

14  12 

SEAT  LINK  LOADS  (LB) 

4  • 

X  AXIS  (LEFT) 

10.  85 

1015 

48.63 

1498 

-1.95 

1366 

X  AXIS  (RIGHT) 

18.  73 

1205 

19.31 

1371 

-15. 19 

14  26 

ut 

X  AXIS  (SUM) 

23.48 

1205 

61.51 

1498 

-12.93 

14  17 

H 

T  AXIS  (CENTER! 

8.70 

1012 

8. 70 

1521 

-25.59 

1409 

K 

SEAT  LOADS  (LB) 

K , 

Z  AXIS  (LEFT) 

24.01 

512 

235. 26 

1433 

1  .  74 

1284 

p^j. 

Z  AXIS  (RIGHTI 

26.03 

512 

281.31 

1435 

-8.49 

13  74 

r*«* 

Z  AXIS  (CENTER! 

95 .  99 

1357 

1073. 95 

1427 

73.01 

1242 

Ky 

Z  AXIS  (SUM) 

128. 98 

512 

1525.85 

1429 

81.08 

1264 

SERT  Z  SUM  /  WT 

1 .  10 

512 

13.04 

1429 

0.69 

1284 

S 

RESULTANT  SEAT  LOAD  (LB) 

128.98 

512 

1525.96 

1429 

82.  87 

1284 

VERTICAL  TEST  PHASE  TEST 

:  122 

SUB  J  ■ 

T-l 

NT:  1 69 . 

.0  CE 

LL:  E 

FREEFALL 

TIME 

IMPACT 

TIME 

1MPRCT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

( MS  EC  1 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

1232 

TIME  OF  IMPACT  START 

1358 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

2.06 

1396 

-1.90 

14D4 

T  AXIS 

0.57 

1  356 

-0.82 

1  362 

Z  AXIS 

10.59 

1  394 

-0.  08 

1272 

Z  AXIS  (SM80THE0) 

9.93 

1399 

-0.  03 

1269 

CARRIAGE  VELOCITT  (FT/SEC) 

INTEGRATED  HCCELERAT  I  ON 

0.01 

1352 

-26. 09 

1  6  80 

TACHOMETER  (MEASURED! 

-1 . 20 

1708 

-26. 28 

1  358 

SEAT  ACCELERATION  (G) 

X  AXIS 

1 . 64 

1  356 

-1.82 

1400 

T  AXIS 

2.35 

1  364 

-1.35 

1  3  74 

Z  AXIS 

12.21 

1390 

-0.21 

1230 

Z  AXIS  (SMOOTHED! 

10.94 

1396 

-0.  15 

1230 

CHEST  ACCELERATION  (G) 

X  AXIS 

1 . 03 

1474 

-1.19 

1444 

T  AXIS 

-0.11 

1356 

-2.  1  1 

1416 

Z  AXIS 

16.94 

1412 

-0.  57 

1  340 

RESULTANT 

17.07 

1412 

0.  27 

1  356 

CHEST  SEVERITY  INDEX 

31.18 

HEAD  ACCELERATION  (G) 

X  AXIS 

4.61 

1410 

-0.45 

1262 

T  AXIS 

1 .23 

1626 

-0.  50 

1426 

Z  AXIS 

12.  34 

1418 

-0.54 

1338 

RESULTANT 

12.99 

1413 

P  53 

1263 

HEAD  SEVERITT  INDEX 

22.30 

SHOULDER  STRAP  LOADS  IL8! 

X  AXIS 

107.00 

13)11 

214.94 

1425 

T  AXIS 

17.90 

1228 

28.38 

1413 

Z  AXIS 

1.90 

12S4 

53.20 

1424 

RESULTANT 

108.36 

13U1 

222.87 

1U25 

LEFT  LAP  LOROS  (LB! 

X  AXIS 

135. 69 

1288 

10B. 28 

1420 

82.  12 

1395 

T  AXIS 

38.  59 

1301 

26.81 

1423 

19.  14 

1397 

Z  AXIS 

130. 83 

1293 

75.14 

1420 

48. 82 

1395 

RESULTANT 

192.28 

1293 

134.16 

1420 

97. 67 

1  395 

RIGHT  CRP  LOAOS  (LB) 

X  AXIS 

1 IV. 55 

1328 

92.85 

1425 

66.  04 

1396 

T  AXIS 

30.  02 

1320 

23.54 

1  U29 

14.46 

1396 

Z  AXIS 

II 1 . 44 

1308 

63.46 

1419 

38.43 

1395 

RESULTANT 

162. 37 

1330 

114.52 

1420 

78.  82 

1396 

TOTAL  LAP  LOAD  (LB! 

352. 06 

1308 

248. 66 

1420 

176. 62 

1  396 

SEAT  LINK  LOADS  (L8) 

X  AXIS  (LEFT! 

0.  73 

965 

40.35 

1405 

-9.  02 

1  363 

X  AXIS  (RIGHT) 

1 .  79 

568 

6.22 

1  493 

-50. 26 

14  10 

X  AXIS  (SUM) 

0.  I  1 

581 

27.46 

1486 

-27. 66 

1401 

T  AXIS  (CENTER! 

2.  78 

57U 

-2.30 

1796 

-53. 73 

1  396 

SEAT  LOAOS  (LB! 

Z  AXIS  (LEFT) 

33.  25 

965 

324.54 

1416 

1  3. 20 

1314 

Z  AXIS  (RIGHT) 

37.  36 

)I96 

490.24 

1422 

19.06 

1244 

Z  AXIS  (CENTER) 

223. H 2 

1  342 

1612.13 

1411 

153.19 

18  2  7 

Z  AXIS  (SUM) 

266. 00 

1342 

2339.  16 

1413 

243. 56 

18  12 

SEAT  Z  SUM  /  NT 

1 . 57 

1342 

13.84 

1413 

1 . 44 

1812 

RESULTANT  SEAT  LOAD  (LB) 

266. 36 

1342 

2339.45 

1413 

243. 74 

1812 

iMl 


VERTICAL  TEST  PHASE 


TESTs  709 


SUBJ:  W-3 


NT:  175.0 


CELL:  E 


PARAMETER 

FREEFALL 

MAXIMUM 

TIME 

(MSEC) 

IMPACT 

MAXIMUM 

TIME 

(MSEC) 

IMPACT 

MINIMUM 

t  ;  me 

(MSEC) 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (Cl 

X  AXIS 

T  AXIS 

Z  AXIS 

Z  AXIS  (SMOOTHEO) 

1240 

1365 

1 . 55 
0.29 
10. SI 
9.94 

1408 

1  SOS 
1403 
1414 

-1.74 
-0.  33 
-0.  12 
-0.  04 

1410 

1432 

1270 

1269 

CARRIAGE  VELOCITT  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASOREOI 

0.01 

-1.16 

1360 

1807 

-26. 1 7 
-26. 31 

1  730 

1  365 

SEAT  ACCELERATION  (Cl 

X  AXIS 

T  AXIS 

Z  AXIS 

H  AXIS  (SMOOTHED! 

1.23 

0.83 

11.69 

10.79 

1416 

1408 

1404 

1404 

-1.72 
-0. 4S 
-0.23 
-0.  14 

1412 

1468 

1252 

1  250 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

0.63 

0.63 

18.75 

18.84 

38.63 

1  506 
1406 
1422 
1422 

-0.81 

-1.82 

-0.74 

0.  32 

1458 

1424 

1  S22 
1274 

HEAD  ACCELERATION  (G) 

X  AX  I  S 

Y  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

2.91 

0.96 

13.75 

14.05 

26.38 

1424 

1622 

1424 

1421 

-1.36 

-0.60 

-0.26 

0.  42 

1464 

1438 

1  304 
1268 

SHOULOER  STRAP  LOADS  (LB) 


X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

51 . 89 

5.  19 
1.98 
52.  33 

1252 

1  138 
511 
1252 

161.83 

12.17 

29.22 

164.28 

1450 
1  42B 
1437 
1450 

LEFT  LAP  LOADS  (LB] 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

72.  73 
23.  76 
67.  65 
101.66 

1941 

1321 

1  309 
1349 

72.73 

19.64 

47.40 

87.69 

1434 

1437 

146S 

1434 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 
r  AXIS 

Z  AXIS 

RESULTANT 

65.  25 
22.  SB 
68.57 
96.  43 

1310 

1300 

1307 

1310 

58.87 

19.99 

38.32 

69.42 

1428 

1433 

1642 

1428 

TOTAL  LAP  LOAD  (LB) 

196. 40 

1310 

156. 37 

1434 

SEAT  LINK  LOAOS  (LB) 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM) 

T  AXIS  (CENTER! 

11.58 

14.20 

20.  29 
77.67 

629 

506 

507 

508 

28.03 

4.26 

27. 00 

50. 37 

1489 

1  390 
1492 
1511 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFTI 

Z  AXIS  (RIGHT) 
l  AXIS  (CENTER) 

Z  AXIS  (SUM) 

SEAT  Z  SUM  /  NT 

48. 86 

70.  00 
121.02 
230. 88 

1 . 32 

505 

505 

1350 

505 

505 

488.39 

389.32 

1402.42 

2218.02 

12.67 

1428 

1418 

1420 

1420 

1420 

RESULTANT  SEAT  LOAD  (LB) 

243. 77 

505 

2218.85 

1420 

95.32  13B6 
11.98  1397 
21.08  1403 
52.64  1404 


37.17  1392 
10.27  1405 
14.33  1405 
44.63  1405 

97.41  1405 


-61.55  1409 

-17.30  1429 

-68.99  1409 

2.11  1416 


19.55  1265 

37.65  1655 

94.18  1241 

160.38  1240 

0.92  1240 

165.21  1240 


VERTICAL  TEST  PHASE  TEST 

:  647 

SUB  J : 

H-4 

NT  i  192.0 

CELL 

:  E 

FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARK 

1204 

TIRE  OF  IMPACT  START 

1328 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

2.32 

1334 

-2.  44 

1339 

T  AXIS 

0.58 

1370 

-0.90 

1336 

Z  AXIS 

10.57 

1365 

-0.  10 

1269 

Z  AXIS  (SMOOTHEO) 

9.90 

1377 

-0.03 

1265 

CARRIAGE  VELOCITT  (FT/SECI 

INTEGRATED  ACCELERATION 

0.01 

1324 

-26.04 

162‘ 

TACHOMETER  (MEASURED) 

-1.16 

1696 

-26.  15 

1  32E 

SEAT  ACCELERATION  (G) 

X  AXIS 

1.90 

1334 

-1.93 

1371 

T  AXIS 

1.69 

1378 

-1.09 

1346 

l  AXIS 

11.47 

1370 

-0.  1  1 

1205 

Z  AXIS  (SMOOTHED) 

10.77 

1368 

-0.06 

1264 

CHEST  ACCELERATION  (G! 

X  AXIS 

1.38 

1391 

-1.10 

1416 

T  AXIS 

0.27 

1473 

-2.04 

1395 

Z  AXIS 

22.33 

1  392 

-0.  68 

1202 

RESULTANT 

22.40 

1  389 

0.  19 

1  33C 

CHEST  SEVERITT  INDEX 

41.57 

HEAD  ACCELERATION  (G) 

X  AXIS 

U .  87 

1  389 

-0.  43 

1  755 

T  AXIS 

1.25 

1214 

-0.48 

1395 

Z  AXIS 

12.60 

1  388 

-0.95 

1254 

RESULTANT 

13.50 

1385 

0.  44 

147C 

HEAD  SEVERITT  INDEX 

22.  79 

SHOULDER  STRAP  LOAOS  (LB) 

X  AXIS 

60.63 

672 

200.54 

1421 

T  AXIS 

2.56 

767 

3.  72 

1  397 

l  AXIS 

3.20 

469 

41.58 

1408 

RESULTANT 

60.  75 

682 

204.59 

1421 

LEFT  LHP  LOADS  (LB! 

X  AXIS 

97.69 

1312 

93.96 

1400 

46.  62 

1366 

T  AXIS 

30.06 

1306 

21.81 

1437 

12.  97 

1  375 

Z  AXIS 

104. 75 

1313 

70.  32 

1  427 

24. 76 

1  36' 

RESULTANT 

14S. 53 

1313 

118.67 

1400 

54.80 

136' 

RIGHT  LHP  LOADS  (LB) 

X  AXIS 

89.07 

1312 

85.24 

1401 

38.01 

1  366 

T  AXIS 

35.80 

1310 

31.26 

1403 

13.12 

1  366 

Z  AXIS 

103. 38 

1311 

72.09 

1431 

16.81 

136' 

RESULTANT 

141. 08 

1312 

111.97 

1401 

44.43 

1366 

TOTAL  LHP  LOAD  (LB) 

265.64 

1313 

230.47 

1400 

99.  70 

136' 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

0.  63 

S53 

12.82 

1461 

-53. OG 

1  364 

X  AXIS  (RIGHT) 

3.  44 

581 

8.12 

1481 

-35.  16 

139 

X  AXIS  (SUM) 

1 . 71 

556 

17.28 

1482 

-86. 33 

139 

r  AXIS  (CENTER) 

0.  97 

S24 

-  1  .  S  7 

1  336 

-56.  18 

1  37C 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

65.47 

1309 

574.92 

1  383 

32.  78 

1  666 

Z  AXIS  (RIGHT) 

47.61 

468 

521 . 52 

1383 

23.  74 

1216 

Z  AXIS  (CENTER) 

144.62 

1312 

1313. 48 

1  382 

84. 62 

1  204 

Z  AXIS  (SUM) 

244.02 

1312 

2409.89 

1  383 

150. 87 

1204 

SEAT  Z  SUM  /  NT 

1 . 27 

1312 

12.55 

1383 

0.  79 

1204 

RESULTANT  SEAT  LOAD  (LB) 

244.82 

1312 

2411.76 

1383 

151.23 

1204 

RESTRAINT  CONFIGURATION  STUDY  TEST  NO:  702  SUBJ  ID: 


IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY 


IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO:  702  SUBJ  ID: 


IN  MILLISECONDS 
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RESTRAINT  CONFIGURATION  STUDY  TEST  NO 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO:  702  SUBJ  ID:  R-2 


IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO:  702 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO:  702  SUBJ  ID!  R-2 


IN  MILLISECONDS 


VERTICAL  TEST  PHASE  TEST j 

687 

SUBJi 

B-2 

NT  <  188.0 

CELL 

i  F 

FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARK 

1234 

TIME  OF  IMPACT  START 

1 3f  3 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

2.23 

1356 

-1.68 

1364 

T  AXIS 

0.39 

1462 

-0.61 

1458 

Z  AXIS 

10.59 

1397 

-0.06 

1326 

Z  AXIS  (SMOOTHEO) 

9.94 

1407 

-0.03 

1  3 1  S 

CARRIAGE  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

1351 

-26.09 

1698 

TACHOMETER  IHEASUREO) 

-1 . 23 

1714 

-26.22 

1363 

SEAT  ACCELERATION  (G) 

X  AXIS 

1.81 

1356 

-1.47 

1406 

T  AXIS 

1.04 

1406 

-0.  67 

1358 

Z  AXIS 

11.80 

1400 

-0.  18 

1310 

Z  AXIS  (SMOOTHEO) 

10.73 

1398 

-0.  13 

1266 

CHEST  ACCELERATION  (G) 

X  AXIS 

1.95 

1420 

-0.41 

1458 

T  AXIS 

0.52 

1558 

-1.89 

1416 

Z  AXIS 

19.70 

1418 

-0.52 

1282 

RESULTANT 

19.83 

1415 

0.  24 

1331 

CHEST  SEVERITY  INDEX 

34. 7D 

HEAD  ACCELERATION  (G) 

X  AXIS 

3.  72 

1408 

-1.38 

1480 

T  AXIS 

0.58 

1492 

-1.54 

1420 

Z  AXIS 

11.88 

1404 

-0.  49 

1270 

RESULTANT 

12.52 

1404 

0.  28 

1356 

HEAD  SEVERITY  INDEX 

19.12 

NEGATIVE  G  STRAP 

112.37 

1339 

34.87 

1431 

-6.25 

1410 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

107. 9B 

1340 

190.93 

1414 

T  AXIS 

3.  71 

SOO 

10.69 

1423 

Z  AXIS 

1.44 

506 

34.87 

1431 

RESULTANT 

108.42 

1340 

193.84 

1427 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

7U.45 

1338 

57.01 

1451 

22.  12 

1399 

T  AXIS 

16.51 

1337 

11.21 

1451 

1. 78 

1405 

Z  AXIS 

72.23 

1343 

36.79 

1450 

1.36 

1397 

RESULTANT 

104. 94 

1345 

68.23 

1451 

22.66 

1399 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

74.  78 

1325 

67.  12 

1451 

28.82 

1396 

T  AXIS 

12.47 

1267 

8.58 

1453 

-1.14 

1412 

Z  AXIS 

BO.  29 

1327 

47.96 

1452 

6.24 

1400 

RESULTANT 

109.46 

1325 

82.27 

1450 

29.53 

1400 

TOTAL  LAP  LORD  (LB) 

212.94 

1344 

149.92 

1450 

52.  39 

1399 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFTI 

47.83 

501 

131.32 

1440 

-12.51 

1419 

X  AXIS  (RIGHT) 

15.  47 

500 

11.38 

1437 

-30. 14 

1385 

X  AXIS  (SUM) 

63.  30 

501 

134.98 

1439 

-39.67 

1413 

T  AXIS  (CENTER) 

-22. 76 

575 

-18.31 

1361 

-112.92 

1412 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

33.40 

500 

946.67 

1439 

-3.  73 

1361 

Z  AXIS  (RIGHT) 

64.04 

500 

920.31 

1438 

24.57 

1245 

Z  AXIS  (CENTER) 

225. SO 

1323 

1532.34 

1414 

152.54 

1813 

Z  AXIS  (SUM) 

267.  18 

1342 

2798. 15 

1438 

215.88 

1614 

SEAT  l  SUM  /  NT 

1.42 

1342 

14.86 

1438 

1.  15 

1814 

RESULTANT  SEAT  LOAD  (LB) 

269. OS 

1342 

2801.73 

1438 

216. 38 

1814 

VERT  I  COL  TEST  PHASE  TEST 

:  703 

SUB  J : 

B-  1 

NT:  155. 

0  CELL 

:  F 

FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

IMSEC) 

MAXI  MUM 

(MSEC) 

M  I  N  I  MUM 

IMSEC) 

REFERENCE  MARK 

1  250 

TIME  OF  IMPACT  START 

1  378 

CARRIAGE  ACCELERATION  (Cl 

X  AXIS 

2.27 

1418 

-2.  36 

!  4  2( 

T  AXIS 

1  .  50 

1428 

-0.  64 

1  3  8( 

Z  AXIS 

10.79 

1413 

-0.  1  5 

134) 

Z  AXIS  (SMOOTHED) 

9.95 

14  17 

-0.03 

1  34( 

CARRIAGE  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

1  369 

-26.01 

1  71  : 

TACHOMETER  (ME ASUREOl 

-1.18 

1772 

-26.42 

1  371 

SEAT  ACCELERATION  (G) 

X  AXIS 

1  .  64 

1418 

-2.  14 

1421 

T  RX  IS 

1  .  50 

1  386 

-1.63 

1  4  7  ( 

Z  AXIS 

12.52 

14  18 

-0.31 

1  3  4  ( 

Z  AXIS  (SMOOTHED! 

11.09 

1415 

-0.  20 

1  2  75 

CHEST  ACCELERATION  (G) 

X  AXIS 

4  .  70 

1428 

-0.33 

1  371 

r  axis 

0.51 

1512 

-3.16 

14  3! 

Z  AX  IS 

20.9! 

1434 

-0.  34 

1  3  1  f 

RESULTANT 

21.37 

1431 

0.  1  1 

136; 

CHEST  SEVERITY  INDEX 

38.81 

HEAD  ACCELERATION  (G) 

X  AXIS 

1.27 

1544 

-2.  08 

14  7. 

Y  AXIS 

1.53 

1552 

-0.28 

146i 

Z  AXIS 

14.56 

1434 

-0.  55 

1311 

RESULTANT 

1  4 . 5B 

1431 

0.49 

1  321 

HEAD  SEVERITY  INDEX 

23.44 

NEGATIVE  G  STRAP 

31 . 48 

1346 

14.54 

1  529 

-9.  94 

1421 

3HOULOER  STRAP  LORDS  (LSI 

X  AXIS 

52.  43 

1361 

99.40 

1457 

Y  AXIS 

3.01 

9  U  1 

11.74 

1  453 

Z  AXIS 

2.01 

523 

32.96 

1433 

RESULTANT 

52.  i(7 

1361 

103.37 

1457 

LEFT  LAP  LOADS  (L8) 

X  AX  I  S 

52. 62 

1  356 

63.83 

1439 

35.  1  R 

1  3  9 * 

Y  AXIS 

14.30 

1353 

13.12 

1447 

4.87 

14  1 

Z  AXIS 

45.  56 

1  346 

35.44 

1  671 

6.07 

141! 

RESULTANT 

70.  94 

1361 

71.27 

1439 

36.  46 

m :  t 

RIGHT  LAP  LOAOS  (LB) 

X  AXIS 

47.  38 

1358 

60.15 

144  1 

29.51 

)  4  0 

T  AXIS 

1  7.  30 

1343 

21.19 

1  43S 

7.  56 

14  0 

Z  AXIS 

46.54 

1348 

32.98 

1442 

5.66 

14)i 

RESULTANT 

67.  07 

1359 

70.43 

144  1 

32.  7 L 

1  1  1 

TOTAL  LAP  LOAD  (LBi 

137.48 

I  3S9 

140.68 

1439 

71  .  96 

1  4  1  ! 

SEAT  LINK  LOADS  (LBI 

X  AXIS  (LEFT) 

18.  36 

519 

14.09 

1  50S 

-53.56 

1  4  31 

X  AXIS  (RIGHT) 

26.  84 

5  1  7 

12.81 

1  535 

-20. 53 

lMc  ' 

X  AXIS  (SUM' 

43.98 

5  1  7 

23. 87 

1  534 

-6  7.  CM 

1  IJ  c  ' 

T  RXIS  (CENTER) 

71.71 

5  1  9 

29.17 

1  783 

-12.74 

1  4  2: 

SEAT  LOADS  (LBI 

Z  AXIS  (LEFT) 

34.77 

5  1  6 

297.72 

1435 

11.21 

1  3  6* 

Z  AXIS  (RIGHT) 

40.  23 

1331 

345.04 

1430 

1  9.  7  3 

!  2  5, 

7  AXIS  (CENTER! 

123. 49 

516 

1401.20 

1430 

55. 7(J 

125 

L  AXIS  1  SU  M ' 

186.80 

5  1  6 

2025 . 22 

1  430 

105.47 

12  5, 

SEAT  Z  SUM  /  wT 

I  .  22 

516 

13.07 

1430 

0.6  6 

12  5, 

RESULTANT  SEAT  LOAD  (LBI 

20S. 21 

S  1  6 

2026. 29 

1430 

108.1  "> 

1  2  5, 

VERTICAL  TEST  PHASE  TEST; 

r  688 

SUB  J : 

B-3 

NT:  180. 

0  CELL 

:  F 

freefall 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

1250 

TIME  OF  IMPACT  START 

1377 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

1.52 

1416 

-1.73 

1418 

T  fix  I  S 

0.33 

1426 

-0.43 

1436 

Z  RX  I S 

10.66 

1411 

-0.  1  1 

1332 

Z  AXIS  (SMOOTHED) 

9.94 

1415 

-0.  04 

1250 

CPRRIAGE  VELOC ITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

1  367 

-25. 99 

j  7on 

TACHOMETER  (MEASURED) 

-1.19 

1785 

-26.28 

1377 

SEAT  ACCELERATION  (G) 

X  AXIS 

1.27 

1424 

-1.62 

1420 

T  fiX  I  S 

1 . 30 

1418 

-0.  65 

1366 

Z  AXIS 

12.26 

1412 

-0.22 

1280 

Z  AXIS  (SMOOTHED) 

10.97 

1412 

-0.  13 

1277 

CHEST  ACCELERATION  (G) 

X  AXIS 

2.11 

1438 

-1.14 

1468 

T  AXIS 

0.51 

1470 

-1  .  I  1 

1434 

Z  AXIS 

RESULTANT 

17.04 

17.20 

1436 

1433 

-0.  47 

0.  24 

1344 

1  ^ ? 3 

CHE5T  SEVERITT  INDEX 

31.94 

HERO  ACCELERATION  (Gl 

X  AXIS 

3.71 

1432 

-0.  23 

1374 

T  AXIS 

1.04 

1522 

0.  30 

1436 

Z  AXIS 

13.06 

1438 

-0.80 

1324 

RESULTANT 

13.49 

1435 

0.  50 

1  371 

HEAD  SEVERITT  INDEX 

21.68 

NEGATIVE  G  STRAP 

104. 04 

1355 

37.72 

1445 

-3.  90 

1429 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

69.  90 

846 

133.86 

1451 

T  AXIS 

11.96 

1255 

28.25 

1457 

Z  AXIS 

5.52 

516 

37.72 

1445 

RESULTANT 

70.22 

846 

141.47 

1451 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

108. 71 

1280 

76.32 

1454 

50.  15 

1413 

T  AXIS 

40.54 

1279 

25.80 

1452 

15.  78 

1416 

Z  AXIS 

102.84 

1279 

49.18 

1464 

22.  86 

1413 

RESULTANT 

154.17 

1279 

93.  70 

1454 

57.  85 

1413 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

107.43 

1295 

70.41 

1446 

47.  43 

1412 

T  AXIS 

24.37 

1232 

14.00 

1440 

8.  17 

14  13 

Z  AXIS 

111.87 

1276 

46.16 

1445 

23.  22 

1412 

RESULTANT 

156.16 

1295 

64.30 

1445 

53.65 

1412 

TOTAL  LAP  LOAD  (LB) 

308.79 

1295 

174.03 

1449 

1 12. 07 

1414 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

34.07 

516 

49.91 

1456 

13.  96 

1433 

X  AXIS  (RIGHT) 

30. 44 

515 

21.09 

1715 

-1 4. 58 

1427 

X  AXIS  (SUM) 

63.  93 

516 

46.27 

1466 

1.18 

1426 

T  AXIS  (CENTER) 

-25. 39 

604 

-31.10 

1507 

-113.01 

1426 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

51.23 

514 

437. 06 

1448 

-0. 65 

1585 

Z  AXIS  (RIGHT) 

87. 63 

1218 

573.26 

1444 

46.06 

1  753 

Z  AXIS  (CENTER) 

270.46 

1357 

1509.22 

1430 

166. 90 

1841 

Z  AXIS  (SUM) 

342. 07 

1358 

234  1 . 32 

1436 

246. 23 

1  842 

SEAT  Z  SUM  /  NT 

1 . 90 

1358 

13.01 

1436 

1.  37 

1842 

c:at  load  (lbj 

345.42 

1358 

2343. 73 

1436 

251.10 

1642 

VERTICAL  TEST  PHfiSE 


TESTi  723 


SUBJt  C-l 


NT  t  172.0 


CELLi  F 


FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARK 

1220 

TIRE  OF  IMPACT  START 

1350 

CARRIAGE  ACCELERATION  (Cl 

X  AXIS 

1.56 

1388 

-1.80 

1390 

T  AXIS 

1.18 

1394 

-0.  66 

1 40B 

Z  AXIS 

10.72 

1383 

-0.  1 1 

1302 

Z  AXIS  (SMOOTHED) 

9.94 

1387 

-0.  02 

1289 

CARRIAGE  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

1342 

-26.  16 

1666 

TACHOMETER  (MEASURED) 

-1.19 

1708 

-26.25 

1350 

SEAT  ACCELERATION  (G) 

X  AXIS 

1.40 

1348 

-1.76 

1392 

T  AXIS 

1.56 

1392 

-1.33 

1436 

Z  AXIS 

12.26 

1386 

-0.21 

1246 

Z  AXIS  (SMOOTHED) 

11.04 

1384 

-0.  15 

1242 

CHEST  ACCELERATION  (G) 

X  AXIS 

1.44 

1400 

-1.56 

1426 

T  AXIS 

0.45 

1470 

-1.76 

1404 

Z  AXIS 

16.97 

1406 

-0.69 

1310 

RESULTANT 

17.06 

1403 

0.  25 

1501 

CHEST  SEVERITY  INDEX 

32.65 

HERD  ACCELERATION  (G) 

X  AXIS 

5.23 

1404 

-0.31 

1496 

Y  AXIS 

1.32 

1480 

-0.  99 

1408 

Z  AXIS 

11.16 

1408 

-0.  78 

1290 

RESULTANT 

12.36 

1404 

0.  75 

1466 

HEAD  SEVERITY  INDEX 

23.05 

NEGATIVE  G  STRAP 

100. S9 

1325 

46.62 

1493 

-4.84 

1398 

SHOULOER  STRAP  LOADS  (LB) 

X  AXIS 

113.17 

1330 

222.11 

1424 

Y  AXIS 

S.  85 

1159 

6.76 

1436 

Z  AXIS 

0.35 

1023 

38.73 

1421 

RESULTANT 

113.33 

1330 

225.53 

1424 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

123.85 

1329 

117.63 

1415 

63.99 

1384 

Y  AXIS 

32.  96 

1330 

27.65 

1411 

19.40 

1389 

Z  AXIS 

10B. 33 

1322 

74.92 

1416 

46.57 

1385 

RESULYANT 

1 B 7.  02 

1330 

141.31 

1415 

8B.  96 

1384 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

102. 53 

1324 

93.59 

1417 

60.40 

1384 

Y  AXIS 

29.09 

1328 

27.  14 

1419 

14.  18 

1384 

Z  AXIS 

107.  IB 

1327 

69.63 

1418 

35.21 

1385 

RESULTANT 

IS  1 . 02 

1327 

118.77 

1418 

71.47 

1385 

TOTAL  LAP  LOAD  (LB) 

317.98 

1330 

258.58 

1415 

170.88 

1385 

SEAT  LINK  LORDS  (LB) 

X  AXIS  ILEFTI 

7.  14 

487 

13.85 

1470 

-28. 21 

1400 

X  AXIS  (RIGHT) 

8.  06 

486 

5.13 

1453 

-27.03 

1410 

X  AXIS  (SUN) 

14.03 

487 

14.89 

1470 

-50. 56 

1400 

Y  AXIS  (CENTER) 

4.69 

562 

-0.39 

1647 

-57.54 

1398 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

51 . 59 

1224 

412.81 

1408 

39.24 

1271 

Z  AXIS  (RIGHT) 

46.  IB 

1321 

429.  13 

1406 

26.  54 

1263 

Z  AXIS  (CENTER) 

229.01 

1330 

1342.41 

1400 

142.32 

1809 

Z  RXI5  (SUM) 

321.68 

1330 

2151.59 

1400 

232.  12 

1781 

SEAT  Z  SUM  /  NT 

1.87 

1330 

12.51 

1400 

1.35 

1781 

RESULTANT  SEAT  LOAD  (LB) 

322. 19 

1330 

2152.82 

1400 

232. 13 

1781 

VERTICAL  TEST  PHRSE 


TESTi  7011 


SUB  J:  C-2 


HT:  177.0 


CELLi  F 


PARAMETER 


REFERENCE  MARK 
TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  <G> 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHEO) 

CARRIAGE  VELOCITY  (FT/SECI 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (C) 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHEO) 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTRNT 

HEAD  SEVERITY  INDEX 

NEGATIVE  G  STRAP 

SHOULDER  STRAP  LORDS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

LEFT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 

RESULTRNT 

RIGHT  LAP  LOAOS  (LB) 

X  AXIS 

Y  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LB) 

SEAT  LINK  LOADS  ILB) 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM) 

Y  AXIS  (CENTER) 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

SEAT  Z  SUM  /  NT 

RESULTANT  SEAT  LOAD  (LB) 


FREEFALL  TIME  IMPACT 

MAXIMUM  (MSEC)  MAXIMUM 


1.70 
0.35 
10. S3 
9.92 


0.01 

-1.12 


1. 32 
1.36 
11.85 
10.92 


2.  N9 
0.21 
19.66 
20.  12 
36.65 


2.03 
2.  18 
11.92 
12.12 
22.70 


50.61 

1338 

11.82 

15.87 

1339 

170.80 

0.30 

697 

18.31 

3.61 

1338 

15.71 

15.98 

1339 

176.73 

5S.61 

1335 

78.01 

19.89 

1330 

25.78 

51.31 

1331 

52.32 

76.21 

1310 

95.31 

19.56 

1310 

73.83 

9.88 

1336 

11.82 

18.12 

1327 

50.50 

66.21 

1336 

85.97 

116.02 

1310 

180.13 

7.  75 

1332 

21.82 

-2.  39 

578 

-S.  89 

2.31 

620 

6.91 

7.  07 

613 

6.11 

11.29 

1331 

359. 89 

56.60 

195 

565.22 

115.23 

196 

1256.10 

208. 35 

195 

2180.78 

1.18 

195 

12.  32 

206. 65 

195 

2182.25 

TIME  IMPACT  TIME 


MSEC) 

MINIMUM 

(MSEC) 

1230 

13S6 

1398 

-1.69 

1102 

1332 

-0.60 

1398 

1392 

-0.12 

1320 

1101 

-0.  03 

1315 

1350 

-25.96 

1712 

1802 

-26.39 

1356 

1391 

-1.83 

1102 

1101 

-0.68 

1350 

1108 

-0.  16 

1231 

139$ 

-0.  13 

1233 

1398 

-0.  71 

1132 

1396 

-3.  99 

1110 

1U10 

-0.60 

1261 

1110 

0.  16 

1502 

1 102 

-2.  33 

1162 

1166 

0.68 

1444 

1102 

-0.57 

1316 

1102 

0.90 

1818 

1181 

2.91 

1396 

1110 

1115 

1130 

1110 

1121 

13.  15 

1375 

1121 

15.17 

1378 

1153 

IB. 91 

1392 

1121 

56.05 

1  383 

1120 

39.  37 

1372 

1152 

4.04 

1386 

1461 

15.04 

1  394 

1120 

44.84 

1385 

1123 

101.37 

1385 

1118 

-11.75 

1399 

1518 

-79.58 

1410 

1186 

-84.90 

1399 

1235 

-24.68 

1  394 

1110 

21.91 

1230 

1411 

21.43 

1242 

1410 

53.  89 

1236 

1411 

104.01 

1230 

1411 

0.  59 

1230 

1411 

104.17 

1230 
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VERTICAL  TEST  PHASE 


TEST:  714 


SUB J :  E-2 


HT:  169.0 


CELL:  F 


FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK  1228 


TIME  OF  IMPACT  START 

1352 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

1.72 

1350 

-1.67 

1400 

T  AXIS 

0-  47 

1  348 

-0.50 

1436 

Z  AXIS 

10.75 

1390 

-0.  12 

1248 

Z  AXIS  (SMOOTHED) 

10.09 

1402 

-0.  03 

1286 

CARRIAGE  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

1348 

-26.20 

1668 

TACHOMETER  (MEASURED) 

-1.20 

1713 

-26.25 

1352 

SEAT  ACCELERATION  (G) 

X  AXIS 

1.56 

1350 

-1.54 

1396 

T  AXIS 

1.53 

1  396 

-0.  80 

1350 

Z  AXIS 

12.43 

1390 

-0.  08 

1272 

Z  AXIS  (SMOOTHEO) 

10.  98 

1390 

-0.  04 

1262 

CHEST  ACCELERATION  (G) 

X  AXIS 

2.94 

1398 

-1.  16 

1438 

T  AXIS 

0.17 

1496 

-1.78 

1472 

Z  AXIS 

13.91 

1414 

-0.69 

1268 

RESULTANT 

14.10 

1410 

0.54 

1496 

CHEST  SEVERITT  INDEX 

26.29 

HEAD  ACCELERATION  (G) 

X  AXIS 

2.78 

1400 

-0.49 

1513 

T  AXIS 

1.42 

1560 

-0.10 

1430 

Z  AXIS 

11.14 

1410 

-0.  76 

1226 

RESULTANT 

11.41 

1405 

0.76 

1  64S 

HEAD  SEVERITT  INDEX 

19.39 

NEGATIVE  G  STRAP 

120.41 

1339 

71.46 

1497 

-1.97 

1408 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

154.67 

1292 

308.58 

1436 

T  AXIS 

8.U3 

1334 

28.79 

1443 

Z  AXIS 

B.  69 

846 

64.42 

1429 

RESULTANT 

154.87 

1292 

316.09 

1436 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

144.09 

1338 

154.05 

1444 

104.22 

1393 

T  AXIS 

37. 36 

1337 

39.71 

1444 

23.21 

1399 

Z  AXIS 

123.05 

1339 

114.95 

1445 

67.37 

1392 

RESULTANT 

193. 13 

1339 

198.27 

1442 

128.03 

1393 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

117.87 

1338 

115.32 

1437 

79.58 

1393 

T  AXIS 

34.83 

1339 

37.42 

1435 

22.51 

1391 

Z  AXIS 

116.32 

1339 

97.54 

1444 

52. 69 

1392 

RESULTANT 

168. 33 

1339 

153.11 

1444 

98.  77 

1393 

TOTAL  LAP  LOAD  (LB) 

361.46 

1339 

349.39 

1444 

226.81 

1393 

SEAT  LINK  LOAOS  (LB) 

X  AXIS  (LEFT) 

1.52 

499 

30.78 

1487 

-30. 78 

1397 

X  AXIS  (RIGHT) 

1.19 

547 

11.72 

1  496 

-40. 91 

14  05 

X  AXIS  (SUM) 

2.  13 

561 

39.57 

1487 

-71.11 

1397 

T  AXIS  (CENTER) 

2.  74 

524 

-2.34 

1734 

-55.67 

1406 

SEAT  LOADS  (LB) 

Z  AXIS  ILEFTI 

47.  78 

493 

341.03 

1438 

19.  32 

1670 

Z  AXIS  (RIGHT) 

53.  36 

493 

442.67 

1440 

12.  30 

1261 

Z  AXIS  (CENTER) 

296.96 

1339 

1434.37 

1408 

162. 36 

1815 

l  AXIS  (SUM) 

34B. 98 

1339 

1950.09 

1409 

233. 18 

1220 

SEAT  Z  SUM  /  HT 

2. 06 

1339 

11.54 

1409 

1  .  38 

1220 

r.CGw^TA.’.T  SCAT  LOAD  (LB) 

350. 31 

1339 

1951.75 

1409 

233.59 

1220 

VERTICAL  TEST  PHASE  TEST; 

:  698 

SUB  J: 

H-6 

HT:  189. 

,0  CELL 

:  F 

FREEFRLL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

1198 

TIME  OF  IMPACT  START 

1318 

CARRIAGE  ACCELERATION  (Gl 

X  AXIS 

1.81 

t  322 

-1.74 

1370 

T  AXIS 

0.29 

1  d98 

-0.  50 

1  346 

Z  AXIS 

10.69 

1360 

-0.  13 

1202 

Z  AXIS  (SMOOTHED) 

9.09 

1  36d 

-0.  03 

1201 

CARRIAGE  VELOCITT  IFT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

1317 

-26. 02 

1671 

TACHOMETER  (MEASURED) 

-1.13 

1676 

-26. 37 

1318 

SEAT  ACCELERATION  (G) 

X  AXIS 

1.62 

1322 

-1.67 

1366 

T  AXIS 

1 .22 

1368 

-1.04 

1374 

Z  AXIS 

12.25 

1  360 

-0.  19 

1262 

Z  AXIS  (SMOOTHED) 

10.93 

1  361 

-0.11 

1200 

CHEST  ACCELERATION  (G) 

X  AXIS 

2.31 

1366 

-2.  05 

1408 

T  AXIS 

0.70 

1  d6d 

-2.  80 

1  394 

Z  AXIS 

20.67 

1388 

-0.  59 

1312 

RESULTANT 

20.85 

1  38d 

0.  22 

1505 

CHEST  SEVERITY  INDEX 

dl .  70 

HEAD  ACCELERATION  (G) 

X  AXIS 

6.39 

1  382 

-0.  26 

1318 

T  AXIS 

2.23 

1  d32 

-1.25 

1386 

Z  AXIS 

12.07 

1  37d 

-0.  84 

1258 

RESULTANT 

13. 6d 

1  376 

0.  77 

1662 

HEAD  SEVERITY  INDEX 

2d. 02 

NEGATIVE  G  STRAP 

98.  1  1 

1  30d 

dl.62 

1475 

-5.45 

1362 

SHOULDER  STRRP  LORDS  (LB) 

X  AXIS 

76.84 

1305 

235. 7d 

1  d  1  3 

Y  AXIS 

7.  B2 

1208 

20.62 

1  U01 

Z  AXIS 

3.59 

M63 

59.32 

1  d05 

RESULTANT 

77.  12 

1307 

2d3 . 28 

1413 

LEFT  LHP  LOADS  (LB) 

X  AXIS 

85.  3d 

1301 

106.51 

1  399 

45.  47 

1361 

Y  AXIS 

26.  06 

1295 

27.83 

1  399 

11.33 

1  364 

Z  AXIS 

80.  10 

1296 

67. 95 

1402 

16.  32 

1360 

resultant 

119.(1 

1301 

128. Bd 

1  39S 

50.24 

1361 

RIGHT  LAP  LOADS  (LB) 

X  AX  I  S 

76.03 

1307 

113. Od 

I  398 

44.12 

1350 

Y  AXIS 

19.  44 

1 28d 

20. 7d 

1  395 

7.  78 

1  3S9 

Z  AXIS 

73.  70 

1  3  04 

78.  92 

1406 

15.29 

1  360 

RESULTANT 

106. 83 

1307 

139.23 

1398 

48.  16 

1362 

TOTAL  LAP  LORO  (LB) 

225.03 

1305 

267.13 

1  399 

98.91 

1362 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFTI 

5.  22 

1235 

25.33 

1417 

-6.  36 

1557 

X  AXIS  (RIGHT! 

3.  45 

609 

13.98 

1489 

-73. 16 

1376 

X  AXIS  (SUM) 

5.  62 

635 

2d.  60 

1472 

-67.97 

1377 

T  AXIS  (CENTERI 

2.  48 

1183 

1  .84 

1  196 

-38. 1 6 

13  73 

SEAT  LOADS  (LB) 

l  AXIS  (LEFT) 

55. 57 

1224 

d  37 . 7 d 

1  390 

23.91 

1631 

Z  AXIS  (RIGHT) 

53.31 

1255 

532.86 

1  386 

34.  76 

1  1  94 

Z  AXIS  (CENTER) 

166. 67 

1307 

1  d22 . 56 

1378 

94. 28 

1  199 

l  AXIS  (SUM) 

263. 73 

IS  05 

2361 . 1 3 

1  3  76 

180. 42 

1  1  94 

SEAT  Z  SUM  /  HT 

1  .  40 

1305 

12. d9 

1  37  B 

0.  95 

1  194 

RESULTANT  SEAT  LOAD  (LB) 

263. 96 

1305 

2362.23 

1376 

180.47 

1  1  94 
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VERTICAL  TEST  PHASE 


PARAMETER 


REFERENCE  MARK 
TIME  OF  IMPACT  START 


TESTi  672  SUBJi  J-4  MT:  I8S.0  CELL:  F 


FREEFALL  TIME 
MAXIMUM  (MSEC) 


IMPACT  TIME 
MAXIMUM  (MSEC) 


IMPACT  TIME 
MINIMUM  (MSEC) 


1240 

1367 


CARRIAGE  ACCELERATION  (G) 
X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHEO) 


CARRIAGE  VELOCI 
INTEGRATED 
TACHOMETER 


TT  (FT/SECI 
ACCELERATION 
(MEASURED) 


SEAT  ACCELERATION  (G) 
X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 


CHEST  ACCELERATION  (G) 


X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (G) 
X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

NEGATIVE  G  STRAP- 

102.98 

1346 

SHOULDER  STRAP  LOADS 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

(LB) 

92.75 

0.92 

-3.29 

93.88 

771 

80S 

513 

775 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

94.08 
31.82 
98.43 
138. 98 

1341 

1339 

1333 

1341 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

88.41 
23.  76 
92.60 
129.  13 

1336 

1328 

1335 

1336 

TOTAL  LAP  LOAD  (LB) 

266. 87 

1348 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM) 

T  AXIS  (CENTER) 

14.  21 
13.03 
19.  42 
-20. 70 

1339 

505 

646 

564 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

SEAT  Z  SUM  /  NT 

88.  19 
95.  33 
222.25 
393.  14 

2.  13 

1344 

1340 

676 

1349 

1349 

RESULTANT  SEAT  LOAD 

(LB) 

394.01 

1349 

1.71 

1406 

-1.52 

1410 

VO 

. 

0.30 

1344 

-0.  67 

1436 

10.47 

1400 

-0.  08 

1322 

— »l— Jl 

5#] 

S  *J 

9.91 

1411 

-0.  02 

1262 

0.01 

1357 

-26.23 

1696 

<  V 

■ •  4 

-1.21 

1712 

-26.26 

1  367 

*i 

1.55 

1402 

-1.57 

1406 

0.92 

1410 

-1.02 

1362 

•  .*■ 

11.13 

1416 

-0.  30 

1250 

10. 43 

1416 

-0.  22 

1249 

1.09 

1408 

-1.54 

14  34 

- 

0.74 

1446 

-2.71 

1424 

*.•  -i 

22.77 

1 U22 

-1.46 

1528 

*  *.  *i 

22.89 

44.98 

1422 

0.  54 

]  344 

»Vj 

3.86 

1420 

-1.04 

1454 

2.46 

1526 

0.  09 

I486 

12.43 

1424 

-1.35 

1496 

■ 

12.94 

23.98 

1424 

1.12 

1656 

54.65 

191.69 
10.  B1 
15.28 
192.39 

1509 

1440 

1452 

1437 

1444 

-2.  46 

1418 

P! 

V 

0.1 

91.59 

1U3U 

U 7.  99 

1402 

••V 

26.51 

1442 

14.  72 

1407 

68.06 

1433 

27.56 

14  06 

*.*/ 

116.43 

1434 

59.  08 

1402 

S 

101.17 

1436 

55.22 

1402 

N'i 

20.52 

1435 

10.  60 

14  05 

74.87 

1435 

31.06 

1403 

\j 

126.71 

1436 

64.  38 

1403 

242.95 

1434 

123.65 

1403 

24.57 

I486 

-16. 26 

1425 

9 

21 . 80 

1472 

-20. 89 

1406 

. 

40.53 

1486 

-34. 79 

14  19 

-21 . 34 

1262 

-92. 45 

14  16 

1 

555.  12 

1424 

49.  23 

1837 

543. 96 

1419 

46.  30 

1671 

1420.  1  7 

1419 

132.84 

1240 

*’»  - 

2512.18 

1419 

263. 63 

1  24D 

• 

13.58 

1419 

1.43 

1240 

2514.05 

1419 

265. 09 

1240 
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VERTICAL  TEST  PHASE 


TESTi  655 


SUBJt  K-l 


WT:  182.0 


CELL:  F 


FBEEFALL 

TIME 

IMPACT 

TIME 

I  HP ACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

1160 

TIRE  OF  IMPACT  START 

1302 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

3.25 

1304 

-1.97 

13(0 

T  RX 1 3 

0.21 

1514 

-0.  80 

1  307 

Z  AXIS 

10.41 

1341 

-0.  09 

1  249 

l  AXIS  ISMOOTHEO) 

9.88 

1351 

-0.  03 

124  3 

CARRIAGE  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

1299 

-26. 1 3 

t  R  ^  ^ 

TACHOMETER  (MEASURED) 

-1.15 

1745 

-26.23 

SEAT  ACCELERATION  (G) 

X  AXIS 

2.62 

1303 

-1.92 

1349 

T  AXIS 

1.37 

1352 

-1.09 

1317 

l  AXIS 

11.67 

1344 

-0.  13 

1  1  B5 

Z  AXIS  (SMOOTHED) 

10.  79 

1342 

-0.09 

1180 

CHEST  ACCELERATION  (G) 

X  AXIS 

3.91 

1377 

-0.33 

1464 

T  AXIS 

0.52 

1321 

-1.73 

1369 

Z  AXIS 

21.00 

1370 

-0.  56 

1290 

RESULTANT 

21.37 

1367 

0.  27 

1  247 

CHEST  SEVERITY  INOEX 

41.66 

HEAD  ACCELERATION  (G) 

X  AXIS 

1.71 

1359 

-2.  42 

1407 

T  AXIS 

1.28 

1277 

0.03 

1379 

Z  AXIS 

12.93 

1366 

-0.84 

1 1  94 

RESULTANT 

13.00 

1363 

0.  71 

16  11 

HEAD  SEVEAITT  INDEX 

21.39 

NEGATIVE  G  STRAP 

84.36 

1288 

20.97 

1454 

-3.50 

1346 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

51.49 

1289 

169. 42 

1394 

T  AXIS 

5.  29 

549 

2.97 

1  184 

Z  AXIS 

3.  79 

445 

35.99 

1373 

RESULTANT 

51.62 

1289 

172.03 

1394 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

82.57 

1289 

68.87 

1358 

36.  48 

1342 

T  AXIS 

25.26 

1283 

16.  19 

1367 

12. 29 

1  346 

Z  AXIS 

76.03 

1275 

33.51 

1361 

10. 23 

1  342 

RESULTANT 

113.47 

12B9 

77.23 

1362 

40. 01 

1342 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

89.  76 

1256 

59.13 

1362 

31.04 

1343 

T  AXIS 

22.68 

1248 

11.02 

1349 

6.48 

1  343 

l  AXIS 

87.  18 

1253 

29.81 

1361 

5.82 

1  342 

RESULTANT 

126. 27 

1255 

66.93 

1361 

32.  45 

1343 

TOTAL  LAP  LOAD  (LB) 

237.82 

1264 

143.90 

1362 

72.92 

1343 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

3.  29 

901 

19.  75 

1301 

-25. 35 

1  363 

X  AXIS  (RIGHT) 

1 . 89 

557 

4.23 

1301 

-52.49 

1358 

X  AXIS  (SUM) 

3.  99 

903 

23.98 

1301 

-73. 75 

1  369 

T  AXIS  (CENTER) 

1.51 

445 

0.24 

1306 

-28. 33 

1355 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

71.19 

1245 

491.26 

1356 

22.  86 

1658 

l  AXIS  (RIGHT) 

94.  78 

1258 

540.47 

1  3S8 

4  1 . 53 

1  663 

Z  AXIS  (CENTER) 

140. 36 

1285 

1357. 16 

1360 

90.27 

1  1  86 

Z  AXIS  (SUM) 

291.38 

1250 

2372.74 

1359 

208.29 

1704 

SEAT  l  SUM  /  NT 

1.60 

1258 

13.04 

1359 

1.14 

1704 

RESULTANT  SEAT  LOAD  (LB) 

291.46 

1258 

2373.88 

1359 

208. 31 

1704 
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VERT ICAL  TEST  PHASE 


TEST:  701 


SliB  J :  M 1  3 


HT:  174.0 


CELL:  F 


FREEF  ALL  TIME 

PARAMETER  MAXIMUM  (MSEC) 


REFERENCE  MARK 
TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (Ci 
X  AXIS 
T  AXIS 
Z  AXIS 

H  AXIS  ISMOOTHEO) 

CARRIAGE  VELOCITT  (FT/SECI 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED! 

SEAT  ACCELERATION  (G) 

X  AXIS 
T  RXI5 
l  AXIS 

Z  AXIS  (SMOOTHEO) 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INOEX 

HEAD  ACCELERATION  (G> 

X  AXIS 

r  axis 

Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 


NEGATIVE  G  STRAP 

35. 27 

1306 

SHOULDER  STRAP  LOROS  (LB) 

X  AXIS 

63.50 

1311 

T  AXIS 

6.  31 

539 

Z  AXIS 

0.05 

470 

RESULTANT 

63.  70 

1311 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

106.79 

1310 

Y  AXIS 

29.20 

1310 

Z  AXIS 

87.  74 

1304 

RESULTANT 

140.63 

1310 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

97. 62 

1309 

Y  AXIS 

27. 45 

1310 

Z  AXIS 

84.00 

1  306 

RESULTANT 

131.55 

131  I 

TOTAL  LAP  LOAD  (LB) 

272.  18 

1312 

SEAT  LINK  LOADS  (LB! 

X  AXIS  (LEFT) 

60.  21 

471 

X  AXIS  (RIGHT) 

32.  69 

470 

X  AXIS  (SUM) 

92.  32 

471 

T  AXIS  (CENTER) 

-7.  90 

951 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

66.  78 

469 

Z  AXIS  (RIGHT) 

95.51 

469 

Z  AXIS  (CENTER) 

138. 56 

1312 

Z  RXIS  (SUM) 

261.27 

469 

SEAT  Z  SUM  /  NT 

1  .  50 

469 

RESULTANT  SEAT  LOAD  (LBI 

277. 93 

469 

222 


IMPACT 

MAXIMUM 

TIME 

IMPACT 

N  I  U  1  UIIN 

TIME 

\  1 

(MSEC  ) 

fli  NjnUn 

(MSEC) 

1204 

1331 

*■'•**“•* 

1.59 

1368 

-1.80 

1376 

0.75 

1382 

-0.  54 

1316 

10.68 

1  366 

-0.07 

1232 

9.88 

1  370 

-0.  02 

1  22  1 

0.01 

1322 

-26.05 

1671 

-1.15 

1701 

-26.48 

1331 

•  *  . 

1.33 

1380 

-1.59 

1  372 

1 . 24 

1  378 

-0.  78 

1320 

‘V*  */< 

12.04 

1370 

-0.  38 

1226 

10.  76 

1368 

-0.  22 

1223 

,  *  , 

1 . 96 

1  372 

-0.  92 

1  390 

V 

-0.40 

1458 

-2.03 

1392 

19.62 

1384 

-0.71 

1246 

19.69 

1384 

0.63 

I4  86 

35.43 

V 

*  •»  ■ » 

2. 49 

1376 

-0.65 

1412 

llBlM  H 

2.07 

1426 

-0.05 

1404 

12.29 

1386 

-1.14 

1266 

12.46 

1  384 

1 . 27 

1635 

•**„  «•*, 

20.83 

15.82 

1477 

-8.  66 

1381 

>\y 

•:vc 

148.45 

1405 

■'.V, 

8.63 

24.82 

1408 

1398 

150.18 

1405 

*•  . 

•» 

135.44 

1393 

93.08 

1  346 

36.2  7 

1  400 

24.48 

1373 

85.71 

1399 

52.  30 

1  367 

163.81 

1  393 

110.44 

1  368 

*  - , 

121.88 

1392 

78.48 

1  359 

31.34 

1  395 

16.44 

1  364 

78.79 

1  390 

40. 2J 

1  365 

147. 79 

1392 

92.  57 

1  369 

,.'\y 

310.13 

1393 

203. 93 

1  368 

■•V 

36.45 

1451 

-2.  56 

1373 

*C 

27.43 

1469 

-6.49 

1372 

60.92 

1  46  1 

-9.  05 

1373 

-  •  * 

-11.71 

1  200 

-70.76 

1  367 

510.86 

1  389 

32. 59 

1281 

547.55 

1  392 

42.65 

1  6Sc 

1351.72 

1  383 

46.97 

1204 

_  ■ 

2332.  14 

1  384 

146.28 

1220 

13.40 

1  384 

0.  e4 

1226 

7 

2333.01 

1  384 

154.12 

1226 

V.\ 

"  '*  ■  i 

r? 

S-\ 

%  \ 

VERTICAL  TEST  PHASE 


TEST:  717 


SUB  J:  P-3 


WT:  208.0 


CELL:  F 


PARAMETER 


REFERENCE  HARM 

TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (Gl 
X  AXIS 
T  AXIS 
2  ftx  ]  5 

Z  AXIS  (SMOOTHED) 

CARRIAGE  VELOCITT  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  IGI 
X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INOEX 

HEAD  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HE AO  SEVERITY  INOEX 

NEGATIVE  G  STRAP 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

LEFT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LB) 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM) 

T  AXIS  (CENTER] 

SEAT  LOADS  (LB) 

Z  AXIS  (LEF  T I 
Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

SEAT  Z  SUM  /  WT 

RESULTANT  SEAT  LOAD  (LEU 


FREEFALL  TIME  IMPACT 

MAXIMUM  (MSEC)  MAXIMUM 


2.69 
I  .  69 
10.56 
9.88 


0.01 

-1.16 


2.26 

1.87 

12.05 

10.79 


5. 99 
-0.04 
15.18 

16.31 

32.31 


2.93 
1.01 
12.96 
13.21 
23.  19 


121.55 

1339 

90.80 

73.90 

1333 

197.83 

-1.81 

604 

-1.23 

-5.  03 

496 

4.88 

78.58 

1333 

198.16 

131.33 

1  338 

137.58 

26.11 

1334 

29.06 

114.33 

1337 

100.25 

175.98 

1339 

171.53 

127.03 

1338 

127.03 

29.  62 

1336 

27.67 

126.18 

1339 

116.80 

180. 76 

1338 

I 73. 74 

356.47 

1339 

343.00 

3.  27 

1309 

18.50 

4.  98 

602 

7.91 

3.  40 

930 

23.49 

7.61 

1248 

7.6  1 

1 35. 75 

1  329 

624.64 

83.03 

1  324 

579. 2C 

192.77 

1  339 

1490.29 

405. 88 

1338 

2676. P5 

1  .  95 

1338 

12.87 

406.  14 

1338 

2677. 35 

TIME 

IMPACT 

T  IME 

(MSEC) 

MINIMUM 

(MSEC) 

1230 

1350 

1358 

-1.76 

1  360 

1  408 

-0.  70 

1460 

1  391 

-0.  09 

1254 

1402 

-0.03 

13  14 

1349 

-26. 1 0 

1663 

1793 

-26. 25 

1350 

1358 

-1.54 

1400 

1416 

-0.90 

1448 

1  392 

-0.29 

1240 

1  392 

-0.13 

1237 

1414 

-0.49 

1  360 

1604 

-2.02 

1416 

1414 

-0.76 

1506 

1414 

0.  36 

1  349 

1406 

-1.12 

1452 

1588 

-0.  23 

1420 

1412 

-0.  89 

1298 

1410 

0.4  1 

164  1 

1495 

16.12 

1  399 

1443 

1  734 

1408 

1445 

1  424 

106.41 

1392 

1452 

17.  65 

1401 

1461 

65.  73 

139  1 

1  448 

127.14 

1  392 

145! 

95.12 

139? 

1461 

17.95 

1392 

1460 

66.73 

!  3  9  3 

1460 

117.78 

1  393 

1460 

246. 33 

1392 

1474 

-41. 2? 

14  13 

1  502 

-50.57 

1405 

1474 

-86. ?! 

140' 

1248 

-25. 4 i 

14  05 

14  13 

73.3  1 

123  3 

14  13 

4  4.68 

124  2 

1  408 

75.  64 

1  2  3  0 

1408 

202. 97 

12?' 

1408 

0. 96 

12  3? 

1408 

203.0 ] 

123. 

223 


VERTICAL  TEST  PHASE  TEST 

i  690 

SUB  J : 

R-2 

NT:  145. 

,0  CELL 

:  F 

FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

time 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

1232 

TIME  OF  IMPACT  START 

1354 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

1 . 60 

1356 

-1.68 

1404 

T  AXIS 

0.  39 

1564 

-0.51 

1  360 

Z  AXIS 

10.64 

1394 

-0.  08 

1268 

Z  AXIS  (SMOOTHED) 

9.95 

1406 

-0.  03 

1263 

CARRIAGE  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

1353 

-26. 09 

1679 

TACHOMETER  IHEASUREO) 

-1.74 

1725 

-26. 76 

1  354 

SEAT  ACCELERATION  (G) 

X  AXIS 

1 . 53 

1358 

-1.55 

1404 

T  AXIS 

1 . 48 

1404 

-0.  94 

1372 

Z  AXIS 

11.92 

1398 

-0.  25 

1242 

Z  AXIS  (SMOOTHEO) 

10.80 

1  396 

-0.  1  3 

1242 

CHEST  ACCELERATION  1G) 

X  AXIS 

2.63 

1408 

-0.  59 

1512 

T  AXIS 

-0.  16 

1454 

-1.57 

1410 

Z  AXIS 

18.05 

1416 

-0.72 

1  344 

RESULTANT 

18.20 

1413 

0.  82 

1262 

CHEST  SEVERITY  INDEX 

31 . 83 

HEAD  ACCELERATION  (Gl 

X  AXIS 

1 . 44 

1412 

-  1  .  4S 

1438 

T  AXIS 

0.82 

1502 

-0.68 

14  54 

Z  AXIS 

13.23 

1420 

-0.54 

1282 

RESULTANT 

13.29 

1417 

0.  34 

1317 

HERO  SEVERITY  INDEX 

22.83 

NEGATIVE  G  STRAP 

41.70 

1322 

8.44 

1507 

CO 

00 

r- 

i 

1398 

SHOULDER  STRAP  LOADS  IL8! 

X  AXIS 

41.82 

1340 

106. 78 

1434 

Y  AXIS 

4.12 

1247 

14.59 

1420 

Z  AXIS 

3.54 

946 

39.45 

1412 

RESULTANT 

41.98 

1341 

113.73 

1434 

LEFT  LAP  LOADS  (L8) 

X  AXIS 

89.  30 

1337 

84.31 

1412 

54.42 

1  382 

T  AXIS 

30.59 

1340 

25.28 

14  11 

16.44 

1  383 

Z  AXIS 

80.  21 

1325 

46.80 

1419 

22.50 

1  3  95 

RESULTANT 

123.21 

1342 

9B.  20 

1417 

64.71 

1  386 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

70.  15 

1338 

68.88 

1417 

39.  52 

1  382 

Y  AXIS 

28.  35 

1314 

25.76 

1416 

14.74 

1  395 

Z  AX  IS 

BB.  53 

1323 

38.26 

14  17 

14.29 

1  395 

RESULTANT 

101.21 

1338 

82.  70 

14  17 

46.  79 

1  394 

total  lap  LOAD  ilbi 

224.42 

1342 

180.90 

1417 

112.47 

1396 

SEAT  LINK  LOADS  (LB) 

X  AXIS  1LEFTI 

20. 65 

1315 

32.23 

1396 

1.15 

14  17 

X  AXIS  (RIGHT) 

1  6.  26 

604 

18.01 

1454 

3.  39 

1  349 

X  AXIS  (SUM) 

30.47 

1315 

44.  98 

1  396 

8. 05 

14  17 

T  AXIS  (CENTER! 

1.13 

5B1 

-5.22 

1636 

-71.26 

14  0  9 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

42.85 

1318 

407. 84 

1408 

21.69 

123? 

Z  AXIS  (RIGHT) 

40.37 

1341 

437.09 

1408 

14.15 

124  5 

Z  AXIS  (CENTER) 

169.44 

1  342 

1212.56 

1413 

119.46 

12  32 

Z  AXIS  (SUM) 

249. 51 

1  34  1 

2023  .  1  9 

1408 

158.21 

i  8  ? 

SEAT  Z  SUM  /  WT 

1  .  72 

134  1 

1  3.  95 

1408 

1  .  09 

12  3  5 

RESULTANT  SEAT  LOAD  (LB) 

251.09 

1  34  I 

2024 . 54 

1408 

160. 22 

1233 

224 


t  /V  ^ 
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VERTICAL  TEST  PHASE 


f nnnKc TER 


REFERENCE  MARK 

TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (Cl 
X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 

CARRIAGE  VELOCITT  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  (ME  ASUREDI 

SEAT  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITT  INDEX 

HEAD  ACCELERATION  (G) 

X  AXIS 
Y  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITT  INDEX 

NEGATIVE  G  STRAP 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

LEFT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AX  IS 
RESULTANT 

TOTAL  LAP  LOAD  (LB) 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFTI 
X  AXIS  (RIGHT) 

X  AXIS  (SUM1 
T  AXIS  (CENTERI 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

SEAT  l  SUM  /  NT 

AF  Si  i(  TANT  SEAT  LOAD  (LB) 


679 

SUB  J: 

R-3 

NT:  156. 

0  CELL 

:  F 

FREEFRLL 

TIME 

IMPACT 

TIME 

IMPACT 

T  1  ME 

MAX  I  MUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

1  182 
1311 

2.  13 

1300 

-1.44 

1  352 

0.33 

1510 

-0.53 

1346 

10.57 

1  342 

-0.09 

1266 

9.94 

1  34  8 

-0.03 

1240 

0.02 

1296 

-26.23 

1649 

-1.17 

1692 

-26.32 

1311 

1 . 74 

1302 

-1.5D 

1348 

0.77 

1514 

-0.76 

1510 

11.27 

1  344 

-0.  19 

1266 

10.68 

1345 

-0.  14 

1261 

3.  39 

1370 

-0.26 

1451 

0.45 

1  384 

-1.33 

1372 

20. 36 

1  370 

-0. 67 

1296 

20.6? 
36.  39 

1  36? 

0.23 

1227 

1  .  32 

1  362 

-2.69 

1400 

0.76 

1436 

-0.07 

1362 

13.86 

I  366 

-0.  66 

1294 

13.92 

22.69 

1  363 

0.27 

1235 

66.88 

1287 

19.81 

1454 

-6.55 

1346 

53.21 

606 

172.14 

1391 

7.  52 

1  1  76 

23.22 

1  385 

11.22 

446 

59.  SI 

1374 

53.58 

606 

182.60 

1  3B4 

80.  U8 

1291 

86.71 

1360 

53. 07 

1336 

24.80 

1289 

22.44 

1  368 

14.78 

1339 

76.  70 

1291 

51 . 39 

1  370 

27.09 

1  344 

113.78 

1291 

101.53 

1  360 

63. 99 

1  344 

88.23 

1286 

97.16 

1366 

62.70 

1322 

32.59 

1290 

30.64 

1  369 

20.92 

1330 

87.  72 

1287 

62.69 

1  363 

33.48 

1  344 

128. 61 

1290 

116.91 

1  366 

75.55 

1  344 

241.52 

1291 

219.96 

1  366 

139.54 

1  344 

-1.63 

491 

11.77 

I  400 

-18. 70 

1  365 

8.11 

1267 

12.20 

1  300 

-24 . 64 

1359 

3.  50 

1274 

22.15 

1300 

-41.59 

1367 

6.86 

487 

4.95 

1  209 

-26. 80 

1356 

59.  10 

1286 

378. 90 

1  359 

24.13 

1727 

85.  96 

1270 

446. 35 

1  359 

31.71 

1730 

125.73 

446 

1252.54 

1  362 

70.85 

1  1  80 

239.41 

1287 

2063.2! 

1  36  1 

149.  13 

1181 

1 . 53 

1287 

13.23 

1  361 

0.96 

1181 

239.42 

1287 

2063.67 

1  361 

149.18 

1181 

-\  V. 

VERTICAL  TEST  PHASE  TEST: 

678 

SUBJ: 

S-6 

NT:  120. 

0  CELL 

:  F 

FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

1230 

TIME  OF  IMPACT  START 

1354 

CARRIAGE  ACCELERATION  CGI 

X  AXIS 

2.59 

1356 

-2.  06 

14  02 

T  AXIS 

0.48 

1  348 

-1.08 

1  358 

Z  AXIS 

10.74 

1392 

-0.13 

1322 

Z  AXIS  (SMOOTHED) 

10.12 

1404 

-0.03 

1252 

CARRIAGE  VELOCITT  IFT/SEC) 

INTEGRATED  ACCELERATION 

0.02 

134  7 

-26. 29 

1  702 

TACHOMETER  (MEASUREO) 

-I.  18 

1694 

-26. 27 

1  354 

SEAT  ACCELERATION  (G1 

X  AXIS 

2.09 

1358 

-1.89 

1  398 

T  AXIS 

1.42 

1402 

-0.  98 

1460 

Z  AXIS 

12.46 

1  394 

-0.  28 

1252 

Z  AXIS  (SHOOTHEOI 

11.25 

1395 

-0.  14 

1252 

CHEST  ACCELERATION  (G) 

X  AXIS 

1 . 34 

1  388 

-0.  89 

1430 

T  AXIS 

0.26 

1558 

-1.50 

14  20 

Z  AXIS 

18.12 

1410 

-0.  53 

1274 

RESULTANT 

18.15 

1409 

0.  04 

1336 

CHEST  SEVERITY  INOEX 

33.10 

HEAD  ACCELERATION  CGI 

X  AXIS 

0.72 

1401 

-1.98 

1452 

T  AXIS 

0.95 

1540 

-0.  43 

1404 

Z  AXIS 

11.22 

1412 

-0.  57 

1261 

RESULTANT 

11.22 

1412 

0.  40 

1  796 

HERO  SEVERITY  INDEX 

IB.  06 

NEGATIVE  G  STRAP 

39.26 

1326 

21.06 

1504 

-7.61 

1404 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

53.61 

1223 

135.56 

1409 

T  AXIS 

3.  (13 

1201 

7.  50 

1409 

Z  AXIS 

15.  48 

1220 

69.97 

1407 

RESULTANT 

55.  21 

1237 

152.17 

1409 

LEFT  LAP  LOADS  ILBI 

X  AXIS 

61.99 

1  342 

78.  18 

1  U  1  6 

39.  57 

1381 

Y  AXIS 

25.  63 

1342 

27.98 

1421 

16.20 

1388 

Z  AXIS 

60.  UK 

1340 

49.31 

1421 

21.97 

13915 

RESULTANT 

90.29 

1342 

94.88 

1416 

52. 84 

1361 

RIGHT  LAP  LOROS  (LB) 

X  AXIS 

61.14 

1339 

81.57 

1416 

47.  10 

1  3  78 

T  AXIS 

19.  7U 

1339 

22.98 

14  18 

12.61 

1  3  94 

Z  AXIS 

60.  37 

1338 

50. 98 

14  19 

22.82 

13  9  3 

RESULTANT 

87.  115 

1339 

97.84 

1416 

56.  52 

13  94 

TOTAL  LAP  LORO  (LBI 

177.43 

1342 

192.39 

1416 

1  10. 86 

1381 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT! 

18.  09 

498 

33.32 

1463 

-11.77 

1  399 

X  AXIS  (RIGHT) 

35.51 

498 

16.21 

1  353 

-16.54 

1  365 

X  AXIS  (SUM) 

S3.  60 

498 

38.0  9 

1464 

-26. 5(5 

1  399 

T  AXIS  (CENTER! 

11.95 

499 

9.41 

1  739 

-28. 05 

14  07 

SEAT  LOADS  (LBI 

Z  AXIS  (LEFT) 

26.  40 

1227 

270. 75 

1  408 

7.  62 

1319 

Z  AXIS  (RIGHT) 

26.47 

1311 

272.71 

1408 

10.  77 

1  3  1  5 

Z  AXIS  (CENTER) 

104. 22 

1337 

988 . 05 

1  408 

69.  17 

12  30 

Z  AXIS  (SUM) 

141.81 

1342 

1531 .51 

1408 

11 0. 22 

1  2  54 

SEAT  Z  SUM  /  NT 

1.18 

1342 

12.76 

1  406 

0.  92 

1234 

RESULTANT  SEAT  LOAD  (LB) 

141.84 

1  342 

1531 . 86 

1408 

1  1  0.  9(5 

12  54 
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VERTICAL  TEST  PHASE 


PARAMETER 


TEST:  663 


REFERENCE  MARK 
TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHEO) 

CARRIAGE  VELOCITT  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  IMEASURED) 

SLAT  ACCELERATION  (Gl 
X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITT  INDEX 

HERO  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITT  INDEX 
NEGATIVE  G  STRAP 


kit 

X  AXIS 

T  AXIS 

m 

Z  AXIS 

RESULTANT 

s.  / 

LEFT  LAP  LOADS 

X  AXIS 

S’ 

T  AXIS 

«.* ; 

Z  AXIS 

RESULTANT 

RIGHT  LAP  LOAOS  (LB) 


m 

X  AXIS 

T  AXIS 

Z  AXIS 

C;> 

RESULTANT 

ft 

TOTAL  LAP  LORO 

SEAT  LINK  LOADS  (LB) 
X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM) 

T  AXIS  (CENTER) 


SEAT  LOADS 
Z  AXIS 
Z  AXIS 
Z  AXIS 
Z  AXIS 
SEAT  Z  SUM 


(LB) 

(LEFT) 

(RIGHT) 

(CENTER) 

(SUM) 

/  NT 

SEAT  LOAD  (LB) 


FREEFALL 

MAXIMUM 


SU8J:  T-l 


TIME 

(MSEC) 


V  *.»  V  v  ->  \ 
V  • 


76.09 


6i.  m 
8.8) 
6.93 
61.81 


103. 60 
33.  49 
93.87 

m2,  as 


108.60 

28.88 

103.07 

151.78 

293.54 


6.74 

0.69 

3.92 

4.56 


44.52 

49.67 

221.42 

305. 27 
1.82 

305.28 


1182 


1289 

11BS 

445 

1289 


1238 
1227 

1239 
1238 


1278 

1288 

1275 

1288 

1282 


914 

518 

914 

477 


928 

1258 

1286 

1287 

1287 

1287 


1 

NT:  168. 

0  CELL 

:  F 

IMPACT 

TIME 

IMPACT 

TIME 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

- - - 

1178 

1307 

1 . 57 

1302 

-1.52 

1350 

0.26 

1  396 

-0.  68 

1366 

10.51 

134  1 

-0.  14 

1264 

9.93 

1352 

-0.  03 

1217 

0.01 

1299 

-26.03 

1641 

-1.21 

1671 

-26. 23 

1307 

1 . 34 

1346 

-1.83 

1350 

1.13 

1  352 

-0.  34 

1296 

11.28 

1358 

-0.  18 

1240 

10.62 

1343 

-0.08 

1176 

1 . 70 

1  356 

-1.80 

1394 

0.35 

1398 

-1.96 

1364 

17.10 

1  364 

-0.56 

1  1  70 

17.22 

32.81 

1361 

0.31 

1214 

5.43 

1362 

-0.  25 

1386 

1.95 

1396 

-0.  27 

1430 

12.97 

1364 

-0.  49 

1202 

14.03 

23.29 

1361 

0.  60 

1260 

30.90 

1456 

-7.  3B 

1346 

183.07 

1382 

16.37 

1351 

44.08 

1374 

187.92 

1382 

79.93 

1358 

60.  00 

1343 

24.65 

1367 

17.58 

1344 

50.34 

1451 

30.09 

1342 

93.  13 

1  359 

70.02 

1343 

84.35 

1360 

61.37 

1343 

19.81 

1360 

14.62 

1339 

51.96 

1453 

34.23 

1342 

100.50 

1359 

72.28 

1343 

193.63 

1359 

142. 30 

1343 

33.56 

1  389 

-1.79 

1290 

3.61 

1420 

-37.32 

1358 

22.54 

1420 

-31.80 

1358 

5.19 

1717 

-15. 13 

1355 

313.79 

1357 

25.81 

1234 

389.06 

1357 

35.  84 

1264 

1535.20 

1358 

141.83 

1769 

2237.40 

1  357 

244.55 

1768 

13.32 

1  357 

1.46 

1768 

2237.65 

1357 

244. 70 

1768 

m 


MR 

,1 

y-i 

new 


zm 
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VERTICAL  TEST  PURSE 


TEST:  699 


SUBJ:  W-3 


HT:  17S.0 


CELL:  F 


PARAMETER 

FREEFALL 

MAXIMUM 

T  I  ME 
(MSEC) 

IMPACT 
MAXI  MUM 

T  I  ME 
(MSEC) 

I MPACT 

M 1 N 1  MUM 

T  !  ME 
(MSEC) 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

1212 

1  332 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

l  AXIS  (SMOOTHED) 

1 . 55 

0.  39 
10.57 
9.93 

1334 

1  396 
1373 

1  386 

-1.57 
-0.  59 
-0.11 
-0.03 

1360 

1422 

1222 

1275 

CARRIAGE  VELOC1TT  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

0.02 

-1.12 

1  327 
1779 

-26. 03 
-26. 36 

1670 

1332 

SEAT  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

7  AXIS  (SMOOTHED) 

1.37 

1 .89 
12.47 
11.00 

1334 

1  382 

1  374 

1  375 

-1.45 
-0.71 
-0.11 
-0.  08 

1  380 
1350 
1278 
1236 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITT  INDEX 

1.16 

0.26 

16.56 

15.61 

30.88 

1  450 
1478 

1  392 
1392 

-  1  .  OB 
-2.25 
-0.91 

0.  1  7 

1  4  30 
1438 
1244 
1469 

HEAD  ACCELERATION  (G) 

X  AX  IS 

T  AX  IS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

2.32 

2.27 

12.65 

12.01 

24 . 49 

1  392 
1446 
1398 

1  395 

-0.  34 
-0.61 
-0.  SO 

0.  57 

14  26 
1412 
1246 
1260 

NEGATIVE  G  STRAP 

56.  92 

1313 

29.94 

1  48S 

-8.  35 

1  387 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

101.08 

4.  9Q 

a.  03 

101.35 

1307 

1231 

476 

13ia 

1  BO . 04 
6.64 
30.51 
182.40 

1414 

1362 

1399 

1414 

LEFT  LAP  LOROS  (L81 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

71.01 

2  3.10 

64.  74 

96. 69 

1312 

I  286 

i3oa 

1312 

82.22 

29.59 

56.64 

102.71 

1419 

1417 

1427 

14  19 

3  8 .  62 

1  3. 06 
13.10 

44 . 60 

1  3  7  6 
1362 

1374 

1375 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 
r  AXIS 

Z  AX  IS 

RESULTANT 

63.  77 

21 . 26 
64.10 

92.  74 

1221 

1242 

1  2  32 
1246 

68.88 

19.96 

42.20 

82.91 

1407 

1408 
1408 

1  407 

39.  52 
10.89 

1  S .  0  - 
45.  1  7 

1  359 

1  3E.4 

1  3  74 
1374 

total  LAP  load  (LB) 

186.67 

1304 

182.91 

1  407 

89.  9E 

1375 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT! 

X  AXIS  (RIGHT) 

X  AXIS  (SUM) 

T  AXIS  (CENTER) 

34.14 
ia.  66 

46.  19 
-28. 97 

479 

476 

477 
572 

30.48 
40.  73 
30.  86 
-34.68 

1460 

1  38U 

1  460 
1211 

-60. 9? 

-7.61 

-31.4“ 

-  1 4S.  1 7 

1  380 

1  4  2t 
1407 

1  382 

SEAT  LOADS  ILBI 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AX  IS  (CENTERl 

Z  AXIS  (SUM) 

SEAT  Z  SUM  /  WT 

34.  39 
83.44 
157.67 
233. 6S 

1  .  34 

4  76 
476 

1  321 
1322 
1322 

474.60 

392.52 

1361.29 

2194.75 

12.54 

1  397 

1  398 

1  391 

1  391 

1  39  1 

1  S.  5  1 

47.  Ot. 
103.  5 

18  6.  3 
1.07 

13  00 
162! 
12  12 
1211 
in: 

RESULTANT  SEAT  LOAD  (LB! 

237. 0? 

1  322 

2199.40 

1  391 

1 89. 7  h 

12!! 

,'./VTO7V7  VV  .*  ,  «  .*  ••  '  .  •  *  -  .*  .-v  ^  *  . 

VERTICAL  TEST  PHASE  TEST 

725 

SUB  J : 

W-  4 

WTt  191 

0  CE 

LL:  F 

FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

-  - - 

REFERENCE  MARK 

1  242 

TIME  OF  IMPACT  START 

1366 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

1 . 72 

1406 

-1  .  82 

1414 

T  AXIS 

0.44 

1  366 

-0.51 

1446 

Z  AXIS 

10.68 

1404 

-0.  12 

12  7C 

Z  AXIS  (SMOOTHED) 

9.90 

1  408 

-0.  03 

1240 

CARRIAGE  VELOCITY  (FT/SECI 

INTEGRATED  ACCELERATION 

0.01 

1360 

-26. 09 

1717 

TACHOMETER  (MEASURED) 

-1.16 

1784 

-26. 34 

1366 

SEAT  ACCELERATION  (G) 

X  AXIS 

1.47 

1418 

-1.72 

1414 

T  AXIS 

1  .  74 

1412 

-0.  5S 

140L 

Z  AXIS 

12.15 

1408 

-0.  06 

1256 

Z  AXIS  (SMOOTHEO) 

11.08 

1406 

0.01 

1257 

CHEST  ACCELERATION  (G) 

X  AXIS 

1 . 25 

1488 

-1  .  79 

1462 

T  AXIS 

0.  70 

1426 

-2.  95 

1446 

Z  AXIS 

21.81 

1436 

-0. 96 

1266 

RESULTANT 

21 . 88 

1433 

0.42 

1365 

CHEST  SEVERITY  INOEX 

39.36 

HEAD  ACCELERATION  (G) 

X  AXIS 

3.39 

I  424 

-2.  15 

1470 

Y  AXIS 

0.95 

1524 

-0.  99 

1444 

Z  AXIS 

12.71 

1424 

-0.87 

1346 

RESULTANT 

13.17 

1421 

0.  6E 

1  795 

HEAD  SEVERITY  INDEX 

19.97 

NEGATIVE  G  STRAP 

111.64 

1352 

59.55 

1512 

16.24 

1409 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

52.  39 

1351 

170.32 

1457 

Y  AXIS 

-0.  08 

555 

6.32 

1573 

Z  AXIS 

1  .  70 

506 

35.22 

1445 

RESULTANT 

52.  78 

1351 

173.52 

1457 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

87.10 

1352 

75.92 

1448 

48.  SI 

1406 

T  AXIS 

27.  64 

1352 

18.21 

1458 

8.  19 

141; 

Z  AXIS 

95.41 

1351 

54.92 

1471 

21 . 5C 

14  06 

RESULTANT 

13B. 2! 

1  352 

92.52 

1  447 

54.47 

1406 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

65.48 

1349 

59.10 

1453 

24. 64 

1406 

T  AXIS 

19.13 

1350 

14.59 

1440 

2.  92 

1407 

Z  AXIS 

73.  28 

1350 

44.08 

1460 

4  .  44 

1405 

RESULTANT 

99.29 

1350 

74.20 

1453 

25.  39 

14  06 

TOTAL  LAP  LOAD  (LB) 

236.93 

1351 

164.94 

1  447 

79.  86 

1 40E 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFTI 

3.  40 

977 

11.93 

1494 

-38. 04 

1435 

X  AXIS  (RIGHT) 

4. 32 

619 

11.33 

1521 

-41 . 86 

1421 

X  AXIS  (SUM) 

4.  1  1 

593 

22.05 

1522 

-77.54 

1420 

Y  AXIS  (CENTER) 

3.  44 

565 

-2.27 

1  240 

-52. 44 

1418 

SEAT  LOAOS  (LB! 

Z  AXIS  (LEFT) 

98.  70 

1  348 

589.49 

1426 

40.  79 

1733 

Z  AXIS  (RIGHT) 

52.  16 

1334 

558.52 

1448 

27.91 

1753 

Z  AXIS  (CENTER) 

163.43 

1352 

1282.99 

1422 

104. 39 

1 24  r 

Z  AXIS  (SUM) 

309. 63 

1352 

2367. 31 

1  423 

207. 92 

1 24  r 

SEAT  Z  SUM  /  NT 

1 . 62 

1352 

12.39 

1  423 

1  .  OS 

1240 

RESULTANT  SEAT  LOAD  (LB) 

310.01 

1352 

2368.94 

1423 

208. 05 

1240 

RESTRhINT  configuration  studv 


ES 


IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO*  69®  SUDJ  ID*  R-3 


LLISEC 


saw 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO*  690  SU»J  ID*  R-2 


TIME  IN  MILLISECONDS 


TIHE  IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO 


TINE  IN  N ILL I SECONDS 


SUBJ  ID*  R-2 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO*  690  SUtJ  ID*  R-2 


IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO:  690  SU1J  ID*  *-2 


VERTICAL  TEST  PHASE  TEST 

716 

SUBJt 

B-2 

NT:  190.0 

CE 

LLt  G 

FREEFRLL 

TIRE 

IRPACT 

TIRE 

IRPACT 

T1HE 

rHHHHtlEA 

HAXIMUH 

(MSEC) 

HAXIHUH 

(HSEC) 

H I N 1  HUH 

(HSEC) 

REFERENCE  NARK 

1224 

TIRE  OF  IRPACT  START 

1353 

CARRIAGE  ACCELERATION  tCI 

X  AXIS 

1.43 

1392 

-1.7C 

1394 

T  AXIS 

1.S9 

1998 

-0.5? 

1392 

Z  AXIS 

10.78 

1386 

-0.  1 1 

1292 

Z  AXIS  (SROOTHEOI 

9.97 

1391 

-0.03 

1289 

CARRIAGE  VELOCITT  IFT/SEC1 

INTEGRATED  ACCELERATION 

0.01 

1342 

-26.21 

1694 

TACHORETER  (REASURED) 

-1.  16 

1721 

-26. 30 

1353 

SEAT  ACCELERATION  (G) 

X  AXIS 

1.17 

1396 

-1.6E 

1396 

T  AXIS 

1.38 

1404 

-0.  82 

1442 

Z  AXIS 

11.93 

1390 

-0.  14 

1270 

Z  AXIS  (SROOTHEOI 

10.96 

1388 

-0.09 

1257 

CHEST  ACCELERATION  (G) 

X  AXIS 

3.86 

1402 

-0.  04 

1488 

T  AXIS 

0.  17 

1420 

-2.  84 

Z  AXIS 

17.08 

1408 

-0.  93 

1  SOU 

RESULTANT 

17.58 

1407 

0. 59 

1353 

CHEST  SEVERITY  INDEX 

32.49 

HEAD  ACCELERATION  (G) 

X  AXIS 

3.38 

1402 

-2.07 

1U72 

T  AXIS 

0.41 

1296 

-1.84 

1454 

Z  AXIS 

13.29 

1404 

-0.41 

1232 

RESULTANT 

13.79 

1401 

0.34 

1230 

HEAD  SEVER  ITT  INDEX 

22.07 

SHOULDER  STRAP  LOAOS  (LB) 

X  AXIS 

70.  74 

1335 

111.72 

1415 

66.  74 

1367 

T  AXIS 

6.  St 

61S 

17.86 

1430 

Z  AXIS 

0.  79 

659 

24.32 

1423 

RESULTANT 

71.23 

1335 

11U.89 

1415 

67.01 

1367 

LEFT  LAP  LOROS  (LB) 

X  AXIS 

86.26 

1  SOS 

60.03 

1414 

53.  87 

1375 

T  AXIS 

23. 94 

1314 

10.97 

1503 

5.67 

1395 

Z  AXIS 

96.  16 

1319 

54.65 

1  4 1  U 

32.  38 

1387 

RESULTANT 

131.27 

1319 

97.40 

1414 

64.50 

1389 

RIGHT  LAP  LOROS  (LB) 

X  AXIS 

70.  82 

1269 

73.37 

1415 

45.  29 

1368 

T  AXIS 

20.  12 

1285 

17.52 

1420 

6.51 

1387 

Z  AXIS 

86.  36 

1310 

57.  16 

1414 

25.87 

1387 

RESULTANT 

112.58 

131  1 

94.20 

1414 

54.17 

1388 

TOTAL  LAP  LOAD  (LB) 

2 1(3.  22 

1318 

191.60 

1414 

118. 75 

1388 

SEAT  LINK  LOAOS  (LB) 

X  AXIS  (LEFT) 

4.92 

969 

10.41 

1519 

-60.29 

1404 

X  AXIS  (RIGHT) 

-2.26 

594 

11.78 

1419 

-54.30 

1394 

X  AXIS  (SUH) 

-2.60 

969 

5.20 

1422 

-98.75 

1403 

T  AXIS  (CENTER) 

-1.87 

958 

-5.68 

1669 

-76. 16 

1U09 

SERT  LORDS  (LBI 

Z  AXIS  (LEFT) 

45.41 

488 

795. 16 

1421 

4.09 

1312 

Z  AXIS  (RIGHT) 

54.97 

488 

638.81 

1420 

21.14 

1306 

Z  AXIS  (CENTER) 

182.24 

1335 

1549.94 

1403 

T33. 31 

1818 

Z  AXIS  (SUH) 

244.25 

488 

2584.19 

1419 

179.65 

1227 

SEAT  2  SUH  /  NT 

1.29 

488 

13.60 

1419 

0.  95 

1227 

RESULTANT  SEAT  LOAD  (LB) 

244.69 

468 

2584.93 

1418 

180.28 

1227 

K 


VERTICAL  TEST  PHASE 


TESTi  676 


SUBJi  B-l 


NT:  152.0 


CELL:  G 


FRfEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

PHNHHt IER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

REFERENCE  HARK 

1202 

TIME  OF  IMPACT  START 

1321 

CARRIAGE  ACCELERATION  (Gl 

X  AXIS 

1.87 

1366 

-1.66 

T  AXIS 

0.28 

1534 

-0.  66 

l  AXIS 

10.39 

1364 

-0.06 

Z  AXIS  (SMOOTHED) 

9.92 

1375 

-0.  02 

CARRIAGE  VELOC ITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.02 

1318 

-26.  14 

TACHOMETER  (MEASURED) 

-0.64 

1677 

-25. 94 

SEAT  ACCELERATION  (G) 

X  AXIS 

1.69 

1368 

-1.57 

T  AXIS 

0.69 

1376 

-0.  62 

Z  AXIS 

11.01 

1368 

-0.22 

Z  AXIS  (SMOOTHED) 

10.52 

1366 

-0.  16 

CHEST  ACCELERATION  (G) 

X  AXIS 

2.43 

1378 

-0.15 

T  AXIS 

1.26 

1420 

-0.  55 

Z  AXIS 

16.25 

1  376 

-0.  68 

RESULTANT 

16.43 

1376 

0.  53 

CHEST  SEVERITY  INDEX 

30.04 

HEAD  ACCELERATION  (G) 

X  AXIS 

1.14 

1  384 

-2.  77 

T  AXIS 

1.24 

1474 

-0.63 

Z  AXIS 

14.34 

1  382 

-0.  46 

RESULTANT 

14.37 

1  379 

0.29 

HERO  SEVERITY  INDEX 

23.84 

SHOULOER  STRAP  LOADS  (LB) 

X  AXIS 

62.  16 

1298 

73.16 

1391 

51.  17 

T  AXIS 

2.86 

468 

19.15 

1  394 

Z  AXIS 

4.53 

1034 

30.54 

1  375 

RESULTANT 

62.  35 

1304 

80.20 

1396 

53.52 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

81.42 

1310 

73.95 

1389 

49.  03 

T  AXIS 

30.00 

1306 

24.19 

1390 

16.53 

Z  AXIS 

83.87 

1298 

56.54 

1472 

27.  17 

RESULTANT 

1 19. 86 

1310 

91 . 50 

1389 

58.45 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

75.41 

12  78 

75.41 

1  389 

48.61 

Y  AXIS 

34.83 

1297 

30.29 

1  392 

19.  92 

Z  AXIS 

81.48 

1284 

62.71 

1465 

27.  24 

RESULTANT 

116.17 

1303 

96.63 

1388 

59.  86 

TOTAL  LAP  LOAD  (LB) 

235.06 

1303 

187. 75 

1388 

118.55 

SEAT  LINK  LOADS  (LB) 

I  AXIS  (LEFT) 

7.58 

842 

21.60 

1415 

-14.36 

X  AXIS  (RIGHT) 

14.77 

467 

5.42 

1450 

-32.60 

X  AXIS  (SUM) 

13.85 

469 

21.12 

1423 

-45.20 

T  AXIS  (CENTER) 

-2.  02 

964 

-4.56 

1  200 

-69. 33 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

41.28 

1305 

344.24 

1411 

28.24 

Z  AXIS  (RIGHT) 

55.44 

1312 

463.01 

1381 

32.67 

Z  AXIS  (CENTER) 

1 14. 73 

467 

1194.35 

1  381 

67.18 

Z  AXIS  (SUM) 

187.65 

467 

1972.80 

1380 

133. 35 

SEAT  Z  SUM  /  NT 

1 . 23 

467 

12.98 

1380 

0.  68 

RESULTANT  SEAT  LOAD  (LB) 

188.60 

467 

1974.40 

1380 

133.50 

TIME 

(MSEC 


137 

II! 

128 

121 


164 

132 


137 

145 

123 

122 


132 

178 

123 

128 


140 
139 
1 25 
130 


135 


135 


136 

136 

136 

136 


136 

135 

136 
136 


136 


136 

137 
137 
137 


121 
122 
1  20 
120 
120 


120 


VERTICAL  TEST  PHASE 


TEST i  695 


SUBJt  B-3 


AT i  178.0 


CELLi  G 


FREEFALL  TIME  IMPACT  TIME  IMPACT  TIME 


PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

1230 

TIME  OF  IMPACT  START 

1357 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

2.05 

1398 

-2.13 

1402 

T  AXIS 

0. 70 

1396 

-0.  72 

1362 

Z  AXIS 

10.65 

1392 

-0.07 

1290 

Z  AXIS  (SMOOTHED! 

10.02 

1404 

-0.03 

1274 

CARRIAGE  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

1350 

-26.13 

1661 

TACHOMETER  (MEASURED) 

-I.  12 

1813 

-26. 39 

1357 

SEAT  ACCELERATION  (C) 

X  AXIS 

1.63 

1358 

-2.  10 

1402 

T  AXIS 

1 . 92 

1402 

-1.52 

1370 

Z  AXIS 

12.25 

1394 

-0.40 

1244 

Z  AXIS  (SMOOTHED! 

10.96 

1394 

-0.25 

1244 

CHEST  ACCELERATION  (G) 

X  AXIS 

4.00 

1416 

-0.  33 

1452 

T  AXIS 

-0.45 

1358 

-3.43 

1412 

Z  AXIS 

14.35 

1414 

-0.68 

1248 

RESULTANT 

15.20 

1414 

0.68 

1350 

CHEST  SEVERITT  INDEX 

27.26 

HEAD  ACCELERATION  (G! 

X  AXIS 

4.03 

1408 

-0.  10 

1505 

T  AXIS 

1.03 

1384 

-0.23 

1478 

Z  AXIS 

12.04 

1404 

-0.76 

1252 

RESULTANT 

12.70 

1404 

0.  12 

1353 

HEAD  SEVERITT  INDEX 

21.50 

SHOULDER  STRAP  LOADS  (LB! 

X  AXIS 

107.60 

1334 

149.57 

1439 

94.61 

1372 

T  AXIS 

1 1 .  BO 

1206 

24.01 

1410 

Z  AXIS 

4.51 

650 

37.94 

1423 

RESULTANT 

108. 14 

1336 

154.94 

1439 

95.61 

1374 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

127. 34 

1246 

97.44 

1420 

61.32 

1396 

T  AXIS 

61.46 

1284 

42.01 

1419 

28.46 

1396 

Z  AXIS 

147.15 

1282 

79.31 

1419 

45.90 

1393 

RESULTANT 

203.35 

1290 

131.28 

1420 

82.28 

1396 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

109.42 

1227 

92-82 

1424 

54.53 

1395 

T  AXIS 

38.02 

1226 

28.94 

1429 

15.  98 

1395 

Z  AXIS 

133.57 

1248 

76.20 

1417 

39.  70 

1394 

RESULTANT 

176.01 

1232 

123.39 

1418 

69.32 

1395 

TOTAL  LAP  LOAD  (LB) 

378. 73 

1246 

253.97 

1418 

152.17 

1395 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

42.44 

495 

40.00 

1449 

-5.  70 

1416 

X  AXIS  (RIGHT) 

19.56 

495 

23.65 

1430 

-14.95 

1369 

X  AXIS  (SUM) 

62.00 

495 

52.95 

1441 

-19.43 

1399 

T  AXIS  (CENTER) 

-26. 77 

588 

-26.  14 

1640 

-108. 05 

1408 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFTI 

52.40 

495 

449.09 

1437 

12.  24 

1347 

Z  AXIS  (RIGHT) 

77.96 

495 

526.16 

1435 

21.39 

1340 

Z  AXIS  (CENTER) 

244. 98 

1  305 

1537.86 

1410 

164.34 

1821 

Z  AXIS  (SUM) 

308.56 

1269 

2093.90 

1413 

238. 73 

1726 

SEAT  Z  SUM  /  NT 

1 . 73 

1269 

11.76 

1413 

1 . 34 

1726 

RESULTANT  SEAT  LOAD  (LB) 

312.08 

1269 

2096.53 

1413 

241.77 

1726 

242 


VERTICAL  TEST  PHASE 


TEST i  708 


SUBJi  C-l 


NT i  170.0 


CELL:  G 


FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

REFERENCE  MARK 

1246 

TIME  OF  IMPACT  START 

1367 

CARRIAGE  ACCELERATION  (Gi 

X  AXIS 

1.84 

1410 

-2.08 

T  AXIS 

1.13 

1424 

-0.  74 

Z  AXIS 

10.71 

1407 

-0.14 

Z  AXIS  ISMOOTHEDl 

9.96 

1412 

-0.04 

CARRIAGE  VELOC ITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.02 

1363 

-26.24 

TACHOMETER  (MEASURED! 

-1.16 

1716 

-26.27 

SEAT  ACCELERATION  (G) 

X  AXIS 

1.56 

1418 

-2.08 

T  AXIS 

1.28 

1420 

-0.90 

Z  AXIS 

11.71 

1412 

-0.  29 

Z  AXIS  (SMOOTHEO) 

10.74 

1409 

-0.21 

CHEST  ACCELERATION  1G) 

X  AXIS 

3.00 

1416 

-0.62 

T  AXIS 

1.  18 

1500 

-1.52 

Z  AXIS 

17.  UO 

1426 

-0.68 

RESULTANT 

17.59 

1426 

0.29 

CHEST  SEVERITY  INDEX 

32.64 

HEAD  ACCELERATION  (G) 

X  AXIS 

4.36 

1434 

-1.30 

T  AXIS 

1.08 

1512 

-1.99 

Z  AXIS 

12.89 

1438 

1.11 

RESULTANT 

13.70 

1432 

1.51 

HEAD  SEVERITY  INDEX 

34.51 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

140.32 

1345 

199.28 

1457 

1 12. 33 

T  AXIS 

S.  04 

1291 

12.56 

1460 

Z  AXIS 

-0.37 

607 

29.35 

1443 

RESULTANT 

140. S3 

1349 

201.22 

1457 

113. B6 

LEFT  LAP  LOROS  (LB) 

X  AXIS 

156. 74 

1349 

126.85 

1442 

76.26 

T  AXIS 

73.36 

1350 

52.  14 

1463 

34.46 

Z  AXIS 

183.27 

1348 

1 16. US 

1473 

67.85 

RESULTANT 

251.73 

1349 

176. 34 

1441 

109.54 

RIGHT  LAP  LOADS  (L81 

X  AXIS 

139. 59 

1351 

116.62 

1440 

70.67 

T  AXIS 

54.89 

1342 

40.63 

1U46 

23.14 

Z  AXIS 

174.06 

1350 

109.39 

1471 

59.  33 

RESULTANT 

229.00 

1350 

162.60 

1440 

95.45 

TOTAL  LAP  LOAD  (LB) 

480. 34 

1350 

338.30 

1440 

205.61 

SEAT  LINK  LOADS  (LB! 

X  AXIS  (LEFT) 

22.  51 

513 

26.78 

1494 

-6.74 

X  AXIS  (RIGHT) 

57.  91 

510 

16.97 

1480 

-12.85 

X  AXIS  (SUM) 

79.  25 

513 

39.58 

1488 

-18.42 

T  AXIS  (CENTER) 

105. 77 

511 

61.33 

1752 

15.61 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

47.  78 

1233 

378.63 

1437 

36.93 

Z  AXIS  (RIGHT) 

56.61 

1354 

444.27 

1433 

37.04 

l  AXIS  (CENTER) 

300. 23 

1354 

1381.10 

1  424 

190.80 

Z  AXIS  (SUM) 

400. 67 

1354 

2168.48 

1425 

277.46 

SEAT  Z  SUM  /  NT 

2.  36 

1354 

12.76 

1425 

1.63 

RESULTANT  SEAT  LORO  (LB) 

403.62 

1354 

2168.66 

1425 

285.03 

TIME 

(MSEC) 


1411 

1371 

1281 

128 


173 

136 


1411 

146i 

124; 

1241 


147' 

1431 

134' 

136; 


1491 

145' 

135' 

134 


1411 

14H 


141 

141 

141 

141 


141 

141 

141 

141 

141 


142 

141 

142 
140; 


164 

124 

183 

183 

183 

183 


VERTICAL  TEST  PHRSE 


PARAMETER 


REFERENCE  HARK 

TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  IG) 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 

CARRIAGE  VELOCITT  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  [MEASURED! 

SEAT  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HE AO  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITY  INDEX 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

LEFT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LB) 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM) 

T  AXIS  (CENTER) 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

SEAT  Z  SUM  /  NT 

RESULTANT  SEAT  LOAD  (LB) 


653 

SUB  J : 

C-2 

NT:  177. 

,0  CE 

FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

1224 

1347 

1 . 92 

1348 

-1.56 

0.43 

1347 

-0.67 

10.56 

1  386 

-0.12 

10.01 

1  397 

-0.  03 

0.01 

1  34  4 

-26. 14 

-1.  18 

1761 

-26.23 

1.62 

1348 

-1.70 

1.16 

1  398 

-0.  84 

11.47 

1404 

-0.  19 

10.80 

1  388 

-0.  13 

1 . 98 

1404 

-0.  88 

0.91 

1501 

-1.46 

15.48 

1408 

-0.  69 

15.64 

27.29 

1403 

0.  33 

2.37 

1400 

-1.14 

1  .  79 

1431 

0.43 

10.95 

1409 

-0.56 

11.14 

21.07 

1405 

0.  84 

SB.  59 

1334 

184.51 

1432 

62.  58 

3.20 

1208 

9.60 

1406 

6.  64 

1324 

49.98 

1422 

58.  79 

1  33U 

190.63 

1430 

64.29 

80.25 

1330 

126.35 

1422 

60.  32 

32.98 

1329 

45.36 

1425 

24.73 

87. 92 

1  331 

106.14 

1  421 

50.46 

122.81 

1333 

170.51 

1422 

88.82 

76.  79 

1332 

113.81 

1421 

56.  37 

28.27 

1331 

40.58 

1  422 

1  7.  25 

90.83 

1333 

102.30 

1  420 

40.  76 

121.31 

1333 

157.32 

1421 

74.52 

244.  1  1 

1333 

327. 38 

1421 

163. 93 

0.90 

967 

14.31 

1472 

-26.52 

1  .  32 

822 

5.  42 

1  482 

-34.94 

-0.  16 

571 

17.97 

1472 

-55. 36 

8.  99 

497 

0.10 

1222 

-31.01 

42.01 

489 

406.77 

1416 

11.55 

42.22 

490 

426.25 

1410 

19.71 

151.20 

1334 

1 359.94 

1  404 

61.53 

200.02 

1334 

2126.11 

1  405 

108.06 

1.13 

1334 

12.01 

1405 

0.  61 

200. 52 

1334 

2126. 79 

1405 

108.14 

VERTICAL  TEST  PHASE 


TEST t  610 


SUBJi  E-2 


MT>  160.0 


CELL:  0 


PARAMETER 

freefall 

MAXIMUM 

TIME 

(MSEC) 

IMPACT 

MAXIMUM 

TIME 

(MSEC) 

IMPACT 

MINIMUM 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

1180 

1312 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

Z  AXIS  (SMOOTHEO) 

3.05 

0.95 

10.67 

10.03 

1320 

1976 

1354 

1365 

-2.68 
-0.  83 
-0.08 
-0.  02 

CARRIAGE  VELOCITT  (FT/SECI 
INTEGRATED  ACCELERATION 
TACHOMETER  1MEASURE0) 

0.01 

-1.16 

131  1 
1690 

-26.29 

-26.06 

SEAT  ACCELERATION  (G) 

X  AX  1 5 

T  AXIS 

Z  AXIS 

Z  AXIS  (SMOOTHED) 

2.90 

1.48 

12.55 

11.15 

1320 

1367 

1359 

1356 

-2.02 
-1.23 
-0.20 
-0.  10 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

2.55 

1.44 

15.12 

15.32 

29.99 

1366 

1338 

1379 

1376 

-0.71 

-1.62 

-0.63 

0.50 

HEAD  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

MEAD  SEVERITT  INDEX 

2.80 

1.91 

11.82 

12.21 

20.43 

1367 

1380 

1367 

1364 

-0.64 

-0.25 

-0.75 

0.60 

SHOULDER  STRAP  LOADS  ILB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

109. BO 
7.62 
6.56 
110.06 

1300 

1208 

642 

1302 

246.72 

8.78 

57.33 

253.29 

1394 

1343 

1394 

1394 

108.60 

109.51 

LEFT  LAP  LOAOS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

91.79 
41.60 
101. 16 
141.33 

706 

691 

719 

700 

112.97 

46.51 

104.20 

159.53 

1388 

1411 

1417 

1408 

68.  12 
28.83 
U8.52 
89.26 

RIGHT  LAP  LOROS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

78.07 

33.  18 
93.52 
125. 30 

690 

691 
699 
699 

99.77 

41.61 

98.73 

145.35 

1408 
1403 

1409 
1409 

57.65 
20.  22 

41.37 

74.37 

total  LAP  LORO  (LB) 

265.84 

699 

304.86 

1408 

163.62 

SEAT  LINK  LOAOS  (LB) 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM) 

T  AXIS  (CENTER) 

-2.23 

0.  1  1 
-3.  32 
1.71 

466 

520 

535 

472 

9.96 

-2.23 

2.46 

1.71 

1317 

1259 

1317 

1700 

-46.  1  1 
-43. 75 
-85. 77 
-32.57 

SEAT  LOAOS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

SEAT  Z  SUM  /  NT 

62.20 

68.57 

144.56 

219.62 

1.31 

457 

457 

1301 

457 

457 

446.62 

425.25 

1306.63 

2102.87 

12.52 

1364 

1379 

1372 

1377 

1377 

17.33 
9.  18 
61.21 
122. 81 

0.  73 

RESULTANT  SEAT  LORO  (LB) 

219. 77 

457 

2104.48 

1377 

123.85 

TIME 

(MSEC) 


1326 
1  324 
1 2B6 
1282 


1662 

1312 


1363 

1335 

1209 

1205 


1396 

1380 

1213 

1261 


1448 

1415 

1197 

1471 


1334 


1  33U 


1347 

1349 

1356 

1356 


1335 

1356 

1357 
1356 

1356 


1371 

1361 

1371 

1356 


1317 
1  1  96 
1  191 
1  191 

1191 


VERTICAL  TEST  PHASE 

TEST:  677 

SUB  J: 

H-6 

NT:  189.0 

CELL:  G 

rHrtHHc  1  ER 

FREEFALL 

MAXIMUM 

TIME 

(MSEC) 

IMPACT 

MAXIMUM 

TIME 

(MSEC) 

IMPACT  TIME 

MINIMUM  (MSEC) 

REFERENCE  MARK  1192 


TIME  OF  IMPACT  START 

1315 

CARRIAGE  ACCELERATION  (Gl 

X  AXIS 

1.73 

1354 

-1.74 

1362 

T  AXIS 

0.21 

1310 

-0.  65 

1374 

Z  AXIS 

10.62 

1352 

-0.  13 

1242 

E  AXIS  (SMOOTHED) 

9.94 

1358 

-0.  05 

1232 

CARRIAGE  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.02 

1307 

-26. 14 

1656 

TACHOMETER  (MEASURED) 

-1.18 

1706 

-26.29 

1315 

SE“T  ACCELERATION  (Cl 

X  AXIS 

1.44 

1354 

-1.80 

1358 

T  AXIS 

1.16 

1360 

-0.56 

1366 

Z  AXIS 

11.54 

1354 

-0.  10 

1294 

E  AXIS  (SMOOTHED) 

10.  79 

1354 

-0.08 

1233 

CHEST  ACCELERATION  (G) 

X  AXIS 

3.24 

1370 

-1.55 

1418 

T  AXIS 

0.63 

1462 

-3.  74 

1382 

E  AXIS 

17.65 

1378 

-0.88 

1302 

RESULTANT 

18.26 

1375 

0.25 

1320 

CHEST  SEVERITT  INDEX 

33.09 

HEAD  ACCELERATION  (Gl 

X  AXIS 

5.14 

1376 

-0.  39 

1492 

T  AXIS 

0. 78 

1424 

-1.92 

1396 

Z  AXIS 

11.93 

1378 

-0.40 

1226 

RESULTANT 

13.03 

1  376 

0.  14 

1476 

HEAD  SEVERITT  INDEX 

25.03 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

97.  36 

1288 

194.31 

1407 

77. 3B 

1339 

T  AXIS 

0. 08 

479 

22.  19 

1405 

Z  AXIS 

6.86 

813 

55.16 

1397 

RESULTANT 

97.43 

1297 

201.98 

1407 

78. U8 

1339 

LEFT  LAP  LOROS  (LB) 

X  AXIS 

03.  74 

1293 

104.92 

1396 

37.65 

1353 

T  AXIS 

35.43 

1298 

32.49 

1406 

11.86 

1358 

Z  AXIS 

97.  90 

1292 

85.75 

1406 

19.95 

1352 

RESULTANT 

132.42 

1293 

138.27 

1404 

44.73 

1353 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

66.84 

1295 

93.64 

1407 

24.71 

1355 

T  AXIS 

29.68 

1280 

33.57 

1409 

10.24 

1354 

Z  AXIS 

83.90 

1294 

88.07 

1408 

5.67 

1354 

RESULTANT 

110.17 

1295 

131.85 

1407 

28.  16 

1355 

TOTAL  LAP  LOAD  (LB) 

241.99 

1293 

268.56 

1407 

73.  18 

1355 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

9.  18 

792 

21.98 

1442 

-17.03 

1385 

X  AXIS  (RIGHT) 

-5.  19 

633 

11.77 

1467 

-44.37 

1368 

X  AXIS  (SUM) 

-0.  1  1 

792 

27.16 

1454 

-57. 75 

1369 

T  AXIS  (CENTER) 

5.23 

939 

2.69 

1  190 

-66.52 

1365 

SEAT  LORDS  (L8) 

Z  AXIS  (LEFT) 

88.54 

456 

444.51 

1382 

20.27 

1666 

Z  AXIS  (RIGHT) 

56.02 

456 

423.81 

1386 

25.23 

1310 

Z  AXIS  (CENTER) 

145.85 

1301 

1367.89 

1  370 

75. 64 

1194 

Z  AXIS  (SUM) 

222. 70 

456 

2172. 74 

1371 

171.29 

1194 

SEAT  Z  SUM  /  NT 

1.  18 

456 

1  K50 

1371 

0.91 

1194 

RESULTANT  SEAT  LOAD  (L8)  222.82  456  2174.33 


246 


1371 


171.77 


1194 


VERTICAL  TEST  PHASE 


TEST:  658 


SUBJi  J-4 


HT:  165.0 


CELL:  G 


PARAMETER 


FREEFALL  TIME 
MAXIMUM  (MSEC) 


IMPACT  TIME 
MAXIMUM  (MSEC) 


IMPACT  TIME 
MINIMUM  (MSEC) 


REFERENCE  MARK 

TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 

CARRIAGE  VELOCITT  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (Gl 
X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHE0) 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITY  INDEX 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 
T  RXIS 
Z  AXIS 
RESULTANT 

LEFT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LORDS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LB1 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM) 

T  AXIS  (CENTER) 

SEAT  LOAOS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

SEAT  Z  SUM  /  HT 

RESULTANT  SE  LOAD  (LB) 


1160 

1307 


2.93 

1306 

-2.  10 

1311 

0.22 

1461 

-0.85 

1  30B 

10.51 

1340 

-0.12 

1273 

9.95 

1353 

-0.02 

1191 

0.01 

1298 

-26. 20 

1624 

-1.18 

1723 

-26.27 

1307 

2.53 

1305 

-1.79 

1311 

1.77 

1353 

-0.  73 

1302 

11.73 

1344 

-0.  15 

1193 

10.77 

1342 

-0. 09 

1190 

1. 32 

1348 

-0.  86 

1400 

0.83 

1442 

-1.04 

1367 

16.44 

1371 

-0.80 

1272 

16.49 

1368 

0.  30 

1310 

27.67 

3. 65 

1357 

-1.21 

1405 

2.87 

1462 

-0.68 

1491 

12.40 

1358 

-1.77 

1458 

12.92 

1355 

0.42 

121  1 

2U.06 

126.  19 

639 

156.17 

1387 

85.21 

1342 

1.59 

1276 

14.39 

1388 

-2.06 

445 

16.52 

1375 

126.67 

639 

157.03 

1387 

86.02 

1342 

1 1(1.  <19 

1267 

68.39 

1394 

28.53 

1342 

54. 01 

1257 

31.61 

1382 

12.  16 

1350 

mu.  is 

1262 

69.27 

1  445 

1U.  60 

1  344 

190.95 

1267 

98.27 

1394 

35.  18 

1344 

109.  14 

1289 

78.50 

1386 

31.27 

1343 

33.  16 

1283 

20.  19 

1448 

5.  29 

1  342 

151 . 78 

1275 

82.94 

1443 

20.36 

1343 

188.80 

1278 

110.06 

1393 

37.  69 

1  343 

377.86 

1267 

208.03 

1393 

73.08 

1344 

4.  51 

1163 

27.67 

1303 

-7.68 

1374 

4.  74 

445 

1.23 

1419 

-53. 16 

1347 

3.  23 

447 

16.10 

1421 

-51.70 

1347 

4.77 

1266 

5.41 

1306 

-16.81 

1355 

77.  83 

1  177 

483.22 

1373 

44.  17 

1299 

75. 03 

1280 

555.00 

1370 

38.  15 

1733 

236. 46 

1289 

1295.60 

1357 

157. 36 

1  756 

361.25 

1289 

2265.30 

1362 

254.70 

1762 

1.95 

1269 

12.  24 

1362 

1 . 38 

1762 

361 . 53 

1289 

2265.62 

1362 

254.71 

1762 

VERTICAL  TEST  PHASE 


TESTi  707 


SU8J1  K-l 


HTi  182.0 


CELLi  G 


FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARM 

1230 

TIME  OF  IMPACT  START 

1358 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

2.32 

1356 

-1.69 

1402 

T  AXIS 

0.51 

1356 

-0.46 

1426 

Z  AXIS 

10.77 

1392 

-0.13 

1314 

Z  AXIS  (SMOOTHEO) 

9.95 

1396 

-0.04 

1312 

CARRIAGE  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

1349 

-26.26 

1692 

TACHOMETER  (MEASURED) 

-0.83 

1714 

-25.98 

1358 

SEAT  ACCELERATION  (G) 

X  AXIS 

2.08 

1  356 

-1.43 

1402 

T  AXIS 

1.95 

1404 

-0.89 

1396 

Z  AXIS 

12.28 

1396 

-0.  18 

1268 

Z  AXIS  (SMOOTHEO) 

10.83 

1393 

-0.  15 

1266 

CHEST  ACCELERATION  (G) 

X  AXIS 

3.52 

1430 

-0.20 

1506 

T  AXIS 

1.44 

1490 

-3.08 

1430 

Z  AXIS 

14.64 

1416 

-0.65 

1264 

RESULTANT 

15.03 

1426 

0.18 

1353 

CHEST  SEVERITT  INOEX 

31.95 

HERO  ACCELERATION  (G) 

X  AXIS 

1.30 

1408 

-3.03 

1456 

T  AXIS 

0.93 

1536 

-0.57 

1414 

Z  AXIS 

13.23 

1414 

-0.43 

1290 

RESULTANT 

13.28 

1411 

0.60 

1353 

HEAD  SEVERITT  INDEX 

23.69 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

101.24 

1323 

150.21 

1444 

96.24 

1372 

T  AXIS 

2.94 

510 

3.53 

1508 

Z  AXIS 

V.  68 

991 

31.92 

1422 

RESULTANT 

101.32 

1323 

153.47 

1435 

96.31 

1373 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

136.85 

1322 

143.64 

1419 

81.55 

1394 

T  AXIS 

46.90 

1338 

39.83 

1419 

23.92 

1400 

Z  AXIS 

149.03 

1337 

113.60 

1419 

60.95 

1393 

RESULTANT 

208.30 

1338 

187.56 

1419 

105.73 

1394 

RTRHT  (.OF  LOADS  (LB) 

X  AXIS 

124.53 

1315 

107.94 

1424 

65.  81 

1394 

T  AXIS 

46.44 

1314 

36.07 

1425 

20.52 

1394 

Z  AXIS 

136.49 

1328 

87.47 

1421 

41.57 

1395 

RESULTANT 

189.52 

1328 

142.74 

1422 

81.69 

1395 

TOTAL  LAP  LOAO  (LB) 

397.69 

1328 

329.18 

1419 

188.47 

1394 

SEAT  LINK  LOAOS  (LB) 

X  AXIS  (LEFT) 

4.61 

852 

15.58 

1352 

-30.13 

1424 

X  AXIS  (RIGHT) 

-2.16 

610 

6.95 

1469 

-41.35 

1407 

X  AXIS  (SUM) 

0.66 

974 

16.70 

1514 

-53.56 

1417 

T  AXIS  (CENTER) 

1.96 

570 

-1.85 

1681 

-66.62 

1413 

SEAT  LOROS  (LB) 

Z  AXIS  (LEFT) 

91. OB 

1263 

490.51 

1413 

23.43 

1702 

Z  AXIS  (RIGHT) 

72.92 

494 

433.00 

1410 

31.69 

1710 

Z  AXIS  (CENTER) 

221.12 

1340 

1446.44 

1411 

123. 90 

1820 

Z  AXIS  (SUM) 

346.63 

1317 

2359.21 

1412 

209.30 

1702 

SEAT  Z  SUM  /  NT 

1.90 

1317 

12.96 

1412 

1 .  15 

1702 

RESULTANT  SEAT  LOAD  (LB) 

346.94 

1317 

2360.59 

1412 

209.34 

1702 

VERTICAL  TEST  PHASE 


TESTi  6S7 


HT:  175.0 


CELLs  G 


PARAMETER 


REFERENCE  MARK 
TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
I  AXIS 

Z  AXIS  (SMOOTHEOi 

CARRIAGE  VELOCITT  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  IMEASURED) 

SEAT  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SHOOTHEO) 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITY  INDEX 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

LEFT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

Y  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LBI 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM) 

Y  AXIS  (CENTER) 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 
l  AXIS  (SUM) 

SEAT  Z  SUM  /  HT 

RESULTANT  SEAT  LOAD  (LB) 


FREEFALL 

MAXIMUM 


TIME 

(MSEC) 


IMPACT 

MAXIMUM 


TIME 

(MSEC) 


IMPACT 

MINIMUM 


TIME 

(MSEC) 


74.78 

7.85 

1.02 

7S.23 


99.66 
34.68 
S3.  65 
139.99 


88.  92 
28.  46 

89.  76 
128.65 

268. 13 


12.  38 
1  3. 33 
23.  30 
S.  35 


83.25 
104.19 
102.38 
252. 54 
1.44 

253. 43 


2.40 

1378 

-1.92 

1383 

-•V  * 

1.42 

1429 

-1.03 

1434 

10.52 

1414 

-0.  13 

1271 

10.01 

1425 

-0.03 

1284 

T  *  5 

0.01 

1371 

-26. I 1 

1697 

-1.18 

1838 

-26.24 

1360 

V„V 

2.00 

1377 

-1.58 

1423 

1.68 

1436 

-0.  86 

1470 

11.49 

1418 

-0.  10 

1346 

■ .  ■ 

10.74 

1416 

-0.  08 

1336 

wSi 

2.23 

1430 

-0. 63 

14  94 

0.83 

1361 

-0.  56 

1684 

14.88 

1U40 

-0.  75 

1335 

.* 1 

15.03 

28.65 

1437 

0.  32 

1382 

2.48 

1428 

-0.  50 

1380 

— •  *  -A 

1.18 

1413 

-0.  25 

1452 

P&l 

12.04 

1438 

-0.  88 

1264 

12.22 

21.12 

1427 

0.  73 

1504 

•.s'.--' 

•.s'.-. 

122.75 

10.  IB 
27.02 

1456 

1455 

1435 

64.78 

1395 

\s-.v 

125.59 

1455 

65.47 

1395 

98.42 

1446 

62. 29 

14  16 

•  ■ » *  i 

34.09 

1449 

21.71 

1410 

63.28 

1UU9 

33.  92 

1417 

*  " 

120.86 

1447 

74.  71 

1417 

87.64 

24.58 

59.51 

108.19 

229.01 


14.82 

8.07 

19.94 

-6.72 


468.24 

524.54 

1225.05 

2151.35 

12.29 

2151.50 


55.  73 
14.21 
29.27 
65.01 

140. 37 


-21.14 
-15. 91 
-33.46 
-28. 94 


35.  79 
42.  94 
26. 37 
154. 70 
0.  88 

155.29 


.v.v.1 

S-'vJ 


VERTICAL  TEST  PHASE 


TEST i  669 


SUBJi  P-3 


HT <  206.0 


CELL:  G 


FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

REFERENCE  MARK 

1299 

TIME  OF  IMPACT  START 

1373 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

3.07 

1370 

-2.58 

T  AXIS 

0.73 

1388 

-0.  95 

Z  AXIS 

10.52 

1906 

-0.  1  1 

Z  AXIS  (SMOOTHEO) 

9.90 

1918 

-0.  02 

CARRIAGE  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.02 

1361 

-26.  12 

TACHOMETER  (MEASURED) 

-1.18 

1752 

-26.27 

SEAT  ACCELERATION  (G) 

X  AXIS 

2.65 

1370 

-2.  13 

T  AXIS 

2.28 

1376 

-1.67 

Z  AXIS 

11.99 

1912 

-0.29 

Z  AXIS  (SMOOTHEO) 

11.06 

1909 

-0.  1 1 

CHEST  ACCELERATION  (G) 

X  AXIS 

3.82 

1929 

-1.67 

Y  AXIS 

1.22 

1958 

-1.99 

Z  AXIS 

16.16 

1930 

-1.05 

RESULTANT 

16.51 

1927 

0.50 

CHEST  SEVERITY  INDEX 

30.63 

HERO  ACCELERATION  (G) 

X  AXIS 

2.67 

1918 

-1.59 

T  AXIS 

1.26 

1626 

-1.07 

Z  AXIS 

12.25 

1918 

-0.82 

RESULTANT 

12.S6 

1918 

0.  10 

HEAD  SEVERITY  INDEX 

22.26 

SHOULOER  STRAP  LOAOS  (LB) 

X  AXIS 

195.26 

1351 

263.19 

1962 

99.28 

T  AXIS 

1.02 

630 

-0.  19 

1776 

Z  AXIS 

-3.39 

519 

9.09 

1920 

RESULTANT 

151.60 

1359 

269.03 

1962 

100.23 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

175.06 

1398 

198.89 

1932 

105.29 

T  AXIS 

59.05 

1399 

38.72 

1963 

25.  17 

Z  AXIS 

188. 62 

1355 

123.82 

1931 

81.30 

RESULTANT 

262.95 

1355 

197.26 

1931 

135.97 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

150. 09 

1352 

128.39 

1930 

81.16 

Y  AXIS 

58.30 

1350 

95.99 

1932 

29.60 

Z  AXIS 

178. 90 

1355 

116.32 

1936 

68.39 

RESULTANT 

239. 91 

1352 

177.89 

1936 

109.21 

TOTAL  LAP  LOAD  (LB) 

501.90 

1355 

379.79 

1931 

295.  16 

SEAT  LINK  LOAOS  (LB) 

X  AXIS  (LEFT) 

1.  15 

922 

13.33 

1996 

-52.99 

X  AXIS  (RIGHT) 

1 . 09 

955 

5.  13 

1371 

-28. 20 

X  AXIS  (SUM) 

0.99 

933 

5.77 

1370 

-75. 92 

T  AXIS  (CENTER) 

-0.  22 

59S 

-2.76 

1710 

-103.08 

SEAT  LOAOS  (LB) 

Z  AXIS  (LEFT) 

101.25 

1327 

587.05 

1933 

80.  90 

Z  AXIS  (RIGHT) 

61.  18 

509 

511.20 

1939 

29.86 

Z  AXIS  (CENTER) 

266. 77 

1359 

1565.97 

1923 

130. 91 

Z  AXIS  (SUM) 

903. 90 

1355 

2557.90 

1929 

237.  12 

SEAT  Z  SUM  /  HT 

1.96 

1355 

12.91 

1929 

1.  15 

RESULTANT  SEAT  LORO  (LB) 

909.25 

1355 

2559.97 

1929 

237.27 

TIME 

(MSEC 


137 

mi 

129 

129 


1 

137 


111 
1  38 
133 
132 


197 
199 
133 
1 


197 
199 
1  3  5 
1 


190 

190 


190 

191 
190 
190 


190 

191 
190 
190 


190 


192 

191 

192 
191 


129 

169 

129 

129 

129 

129 


' .  ‘  *  V  V 

.  <•>; 


T 


VERTICAL  TEST  PHASE  TEST:  667  SUBJ:  R-2  WT:  146.0  CELL:  G 


FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REPERENCE  HARK 

1226 

TIME  OF  IMPACT  START 

1353 

CARRIAGE  ACCELERATION  (G! 

X  AXIS 

1.52 

1392 

-1.48 

1396 

T  AXIS 

0.44 

1344 

-0.  59 

1374 

Z  AXIS 

10.59 

1387 

-0.  1  1 

1308 

Z  AXIS  (SMOOTHEO) 

9.94 

1399 

rO.  03 

1310 

CARRIAGE  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.02 

1341 

-26. 05 

1652 

TACHOMETER  (MEASURED! 

-1.17 

1738 

-26.19 

1353 

SEAT  ACCELERATION  (G) 

X  AXIS 

1.26 

1350 

-1.51 

1396 

T  AXIS 

1.45 

1396 

-0.  80 

1346 

Z  AXIS 

11.63 

1388 

-0.12 

1316 

Z  AXIS  (SMOOTHEO) 

10.78 

1389 

-0.09 

1220 

CHEST  ACCELERATION  IG) 

X  AXIS 

3.27 

1412 

-0.41 

i  4  92 

T  AXIS 

0.92 

1456 

-2.  19 

1414 

Z  AXIS 

IS. 90 

1404 

-0. 69 

1302 

RESULTANT 

16.11 

1401 

0.43 

1  340 

CHEST  SEVERITY  INOEX 

31.60 

HEAD  ACCELERATION  (G) 

X  AXIS 

0.99 

1466 

-3.  02 

1422 

Y  AXIS 

1.25 

1406 

-0.01 

1446 

Z  AXIS 

12.94 

1406 

-0.64 

1314 

RESULTANT 

13.02 

1403 

0.  71 

1347 

HEAD  SEVERITY  INDEX 

22.39 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

68. 12 

1330 

125.39 

1417 

69.42 

1388 

T  AXIS 

V.  02 

1244 

18.20 

1418 

Z  AXIS 

6.30 

1327 

44.21 

1416 

RESULTANT 

68.65 

1330 

134.04 

1416 

73.29 

1369 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

87.58 

1330 

77.61 

1415 

35.26 

1369 

T  AXIS 

11.41 

1329 

31.98 

1418 

16.  66 

1392 

Z  AXIS 

AS.  78 

1330 

55.28 

1414 

17.62 

1390 

RESULTANT 

136. 23 

1336 

100.51 

1415 

44.96 

1389 

RIGHT  LAP  LOROS  (LO) 

X  AXIS 

83.63 

1333 

75.98 

1421 

31 . 30 

1389 

T  AXIS 

36.  67 

1333 

2B.  89 

1421 

12.  69 

1389 

Z  AXIS 

102.07 

1336 

59.31 

1414 

17.59 

1388 

RESULTANT 

136. 79 

1336 

100.44 

1415 

38.08 

1389 

TOTAL  LHP  LOAD  (LB) 

273.01 

1336 

200.94 

1415 

83.03 

1389 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

6.  13 

1336 

39.21 

1398 

2.  04 

1293 

X  AXIS  (RIGHT) 

-0.67 

491 

-0.28 

1465 

-30.69 

1414 

X  AXIS  (SUM) 

2.41 

493 

16.12 

1398 

-11.10 

1420 

Y  AXIS  (CENTER) 

3.  54 

547 

1 . 64 

1220 

-37. 73 

1388 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

SO.  54 

490 

325.43 

1405 

11.06 

1232 

Z  AXIS  (RIGHT) 

40.  85 

1335 

491.60 

1404 

17.14 

1239 

Z  AXIS  (CENTER) 

172. 91 

1335 

1237.65 

1406 

104. 07 

1229 

Z  AXIS  (SUM! 

241.59 

1335 

2049.51 

1405 

138.94 

1220 

SEAT  Z  SUM  /  NT 

1 . 65 

1335 

14.04 

1405 

0.95 

1220 

RESULTANT  SEAT  LOAD  (LB) 

241.62 

1335 

2049.77 

1405 

138.97 

1220 

VERTICAL  TEST  PHASE 


TESTi  721 


SUB J i  S-6 


HTt  115.0 


CELL  i  G 


PARAMETER 


FREEFALL  TIME 
MAXIMUM  (MSEC) 


IMPACT  TIME 
MAXIMUM  (MSEC) 


IMPACT  TIME 
MINIMUM  (MSEC) 


REFERENCE  MARK 
TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 

CARRIAGE  VELOCITY  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  1C) 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 


CHEST  ACCELERATION  (G) 


X  AXIS 

r  axis 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

HERD  ACCELERATION  (G) 

X  AXIS 

Y  AXIS 

Z  AXIS 

RESULTANT 

HERO  SEVERITY  INDEX 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

43.67 

1209 

T  AXIS 

5.28 

1216 

Z  AXIS 

14. S4 

1115 

RESULTANT 

45.84 

1222 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

75.94 

1280 

T  AXIS 

36.  16 

1283 

Z  AXIS 

83.  30 

1266 

RESULTANT 

118.21 

1285 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

69.49 

1293 

T  AXIS 

31.61 

1250 

Z  AXIS 

76.56 

1281 

RESULTANT 

107. 38 

1293 

TOTAL  LAP  LOAO  (LB! 

224.88 

1293 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT! 

2.  17 

526 

X  AXIS  (RIGHT) 

4.  76 

448 

X  AXIS  (SUMI 

2.84 

526 

T  AXIS  (CENTER) 

5.  50 

526 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

25.33 

447 

Z  AXIS  (RIGHT) 

21.89 

448 

Z  AXIS  (CENTER! 

102.37 

1289 

Z  AXIS  (SUM) 

131.29 

447 

SEAT  Z  SUM  /  NT 

1.  14 

447 

RESULTANT  SEAT  LOAD  (LB) 


1162 

1304 

3.46 

1310 

0.76 

1364 

10.75 

1345 

10.06 

1356 

0.01 

1302 

-1.17 

1706 

2.66 

1310 

1.64 

1354 

12.55 

1348 

11.19 

1346 

1.47 

1350 

0.25 

1374 

21.82 

1  364 

21.88 

29.55 

1361 

4.85 

1366 

1.26 

1696 

11.63 

1370 

12.55 

20.79 

1364 

130.62 

1394 

9.35 

1459 

73.98 

1376 

148.70 

1365 

102. 10 

1371 

43.63 

1374 

81 .28 

1372 

137.30 

1371 

93.74 

1370 

38.09 

1369 

71.34 

1369 

123.01 

1370 

259.34 

1371 

43.00 

1440 

9.44 

1306 

25.14 

1307 

9.31 

1312 

258.72 

1363 

216.27 

1363 

955.03 

1362 

1429.27 

1363 

12.43 

1363 

-2.46  1312 
-0.61  1310 
-0.12  1202 
-0.02  1250 


-26.09  1636 

-26.25  1304 


-1.91  1312 
-0.69  1324 
-0.09  1312 
-0.03  1231 


-0.  33 
-2.  48 
-0.  77 
0.67 


1316 

1362 

1250 

1315 


-0.42 

-0.53 

-0.59 

0.46 


1558 

1366 

1277 

1710 


48.67  132! 


54.62  132! 


58.50  1321 
25.56  1 32( 
46.86  134! 
84.24  1 32( 


50.34  132! 

20.60  133! 

36.92  134! 

72.  50  132! 

157.97  132! 


-7.58  125' 

-44.95  1311 

-32.45  137! 

-U0.22  1361 


6.57  160: 

5.07  166 

70.21  118i 

103.84  1  1  8, 

0.90  118; 


131.43 


1290 


1429. 98 


1363 


103.88 


VERTICAL  TEST  PHASE  TEST: 

i  68V 

SUBJi 

N-3 

NT i  176, 

,0  CELL 

:  G 

FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

1236 

TIME  OF  IMPACT  START 

1357 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

1.31 

1402 

-1.60 

1404 

T  AXIS 

0.42 

1354 

-0.  66 

1  362 

Z  AXIS 

10.64 

1397 

-0.  09 

1248 

Z  AXIS  (SMOOTHED) 

9.95 

1408 

■*0.03 

1293 

CARRIAGE  VELOCITT  (FT/SEC) 

1 NTEGRRTED  ACCELERATION 

0.01 

1353 

-26. 05 

1700 

TACHOMETER  (MEASURED) 

-1.20 

1719 

-26.25 

1357 

SEAT  ACCELERATION  (Cl 

X  AXIS 

I. 00 

1402 

-1.46 

1406 

T  AXIS 

1.30 

1404 

-0.83 

1370 

Z  AXIS 

12.06 

1398 

-0.  17 

1328 

Z  AXIS  (SMOOTHED) 

10.87 

1398 

-0.  10 

12B1 

CHEST  ACCELERATION  (G) 

X  AXIS 

0.50 

1528 

-1.35 

1446 

T  AXIS 

0.02 

1400 

-1.72 

1828 

Z  AXIS 

14.16 

1432 

-1.09 

1336 

RESULTANT 

14.21 

1432 

0.  72 

1356 

CHEST  SEVERITY  INDEX 

28.29 

HEAO  ACCELERATION  (G) 

X  AXIS 

2.32 

1408 

-1.25 

1464 

T  AXIS 

1.57 

1540 

0.  13 

1450 

Z  AXIS 

11.02 

1424 

-0.53 

1280 

RESULTANT 

11.20 

1424 

0.61 

1830 

HEAD  SEVERITY  INDEX 

22.32 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

93.  V9 

1342 

162.45 

1452 

78.49 

1380 

T  RXIS 

3.  77 

509 

6.10 

1563 

Z  AXIS 

5.92 

506 

28.21 

1420 

RESULTANT 

93.  58 

1342 

164. 30 

1452 

78.82 

1380 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

70.69 

1323 

68.19 

1453 

33.  31 

1391 

T  AXIS 

30.28 

1336 

25.57 

1502 

11.42 

1  4D3 

Z  AXIS 

82.23 

1327 

59.96 

1499 

14.40 

1397 

RESULTANT 

111.69 

1331 

90.53 

1463 

38.42 

1399 

RIGHT  LHP  L0A03  (LB) 

X  AXIS 

63.87 

1330 

60.05 

1430 

25.58 

1398 

Y  AXIS 

29.  89 

1329 

24.70 

1432 

10.45 

1389 

Z  AXIS 

79.60 

1334 

52.48 

1505 

6.59 

1397 

RESULTANT 

105. 57 

1330 

76.39 

1430 

28.  96 

1398 

TOTHL  LAP  LOAO  (LB) 

216. 32 

1330 

161.26 

1453 

68.58 

1398 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT  1 

10.  10 

974 

22.90 

1464 

-40.48 

1404 

X  AXIS  (RIGHT) 

12.68 

501 

9.17 

1406 

-7.  79 

1429 

X  AXIS  (SUM) 

20.  95 

501 

23.79 

1498 

-39.50 

1404 

T  AXIS  (CENTERI 

63.46 

503 

41.24 

1830 

-7.66 

1414 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

36.35 

501 

465.06 

1425 

15.01 

1231 

Z  AXIS  (RIGHT) 

61.00 

500 

398.67 

1416 

21.87 

1239 

Z  AXIS  (CENTER) 

141.64 

1345 

1306.52 

1415 

100. 05 

1230 

Z  AXIS  (SUM) 

217. 36 

500 

2142.00 

1417 

148.83 

1230 

SEAT  Z  SUM  /  NT 

1.24 

500 

12.  17 

1417 

0.85 

1230 

RESULTANT  SEAT  LORO  (LB) 

226. 72 

500 

2142.18 

1417 

151.73 

1230 

*5*3 


‘  •’  -V  A  *'•  * 

7^.v  v.v/  \ 
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VERTICAL  TEST  PHASE  TEST 

«  674 

PARAMETER 

FREEFRLL 

MAXIMUM 

REFERENCE  HARK 

TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

Z  AXIS  (SMOOTHED) 

CARRIAGE  VELOCITT  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  CGI 

X  AXIS 

T  AXIS 

Z  AXIS 

Z  AXIS  (SMOOTHED) 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITT  INDEX 

HEAO  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HEAO  SEVERITT  INDEX 

SHOULOER  STRAP  LOAOS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

89.75 

5.  11 

5.  10 
90.  16 

LEFT  LHP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

121.46 

49.85 

147.31 

196.43 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

100.  18 
46.22 
133.09 
172.14 

TOTAL  LAP  LOAD  (LB) 

368.56 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM) 

T  AXIS  (CENTER) 

0.48 

1  .  18 
0.49 
4.67 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER! 

Z  AXIS  (SUM) 

SEAT  Z  SUM  /  NT 

60.  76 

43.  10 
228.49 
317. 75 

1 . 65 

RESULTANT  SEAT  LOAO  (LB) 

318.04 

SUBJt 

N-4 

WTi  193, 

.0  CELL 

TIME 

IMPACT 

TIME 

IMPACT 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

1184 

1306 

2.99 

1306 

-1.74 

0.67 

1306 

-0.70 

10.56 

1344 

-0.12 

9.92 

1353 

-0. 03 

0.01 

1300 

-26. 15 

-1.18 

1  707 

-26. 20 

2.76 

1308 

-1.69 

1.36 

1  354 

-1.26 

11.36 

1346 

-0.  31 

10.71 

1347 

-0.21 

2.92 

1368 

-0.  87 

1.34 

1442 

-1.99 

16.29 

1374 

-0.  79 

16.46 

1371 

0.  27 

4.43 

1362 

-0.  95 

1.06 

1428 

-0.51 

12.24 

1364 

-0.  88 

13.01 

20.56 

1364 

0.  55 

1286 

158.71 

1397 

81 . 75 

699 

3.36 

1760 

449 

31.11 

1389 

1291 

161.31 

1397 

83.  61 

1289 

127.69 

1  384 

49.21 

1283 

38.06 

1387 

16.  84 

1290 

107.83 

1  383 

36.95 

1292 

170.64 

1  384 

66.08 

1291 

106.56 

1388 

41.46 

1289 

42.98 

1382 

15.  76 

1292 

99.71 

1392 

26.  70 

1292 

150.88 

1389 

52.80 

1292 

321.02 

1384 

1 19. 97 

450 

35.82 

1435 

-8.  06 

448 

8.76 

1463 

-29.23 

450 

39.76 

1462 

-22.66 

524 

5.94 

1469 

-28. 35 

1272 

557.79 

1  387 

24. 69 

447 

549.31 

1397 

21.33 

1292 

1298.25 

1  360 

130.11 

1292 

2219.53 

1361 

202. 63 

1292 

11.50 

1361 

1 . 05 

1292 

2219.70 

1  361 

202. 72 

:  G 


TIME 

(MSEC) 


1314 

1338 

1220 

1217 


1  644 
1306 


1350 
1324 
1  198 
1  196 


1412 

1376 

1282 

1475 


1770 

1390 

1280 

1571 


1345 


1345 


1347 
1354 
1  346 
1347 


1346 

1347 

1348 
1348 

1347 


1300 

1378 

1378 

1357 


1676 

1220 

1666 

1676 

1676 

1676 
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RESTRAINT  CONFIGURATION  STUDY  TEST  NO:  667  SUBJ  ID: 


IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO:  667  SUBJ  ID: 


TINE  IN  NILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO:  667  SUBJ  ID 


MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO:  66?  SUBJ  ID:  R-2 


TINE  IN  MILLISECONDS 


RESTRAINT  CONFIGURATION  STUDY  TEST  NO*  667  SUBJ  ID: 


IN  MILLISECONDS 


CONFIGURATION  STUDY  TEST  NO:  667  SUBJ  ID 


IN  MILLISECONDS 


SUBJ  ID 


RESTRAINT  CONFIGURATION  STUDV  TEST  NC 


tStSr'.f 


RESTRAINT  CONFIGURATION  STUDV  TEST  NO:  667  SUBJ  ID:  R-2 


TIME  IN  MILLISECONDS 


VERTICAL  TEST  PHASE  TESTi 

■  664 

SU8J: 

B-2 

HTt  187. 

0  CELL 

:  H 

FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXI  MUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

1220 

TIME  OF  IMPACT  START 

1346 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

2.63 

1348 

-1.83 

1350 

T  AXIS 

1  .  74 

1396 

-1.11 

1402 

Z  AXIS 

10.59 

1382 

-0.  13 

1302 

Z  AXIS  (SMOOTHED) 

9.99 

)  393 

-0.03 

1264 

CARRIAGE  VELOCITT  (FT/SEC) 

INTEGRATED  RCCELERAT 1  ON 

0.02 

1337 

-26.  12 

1689 

TACHOMETER  (MEASURED) 

-1.18 

1  765 

-26.27 

1346 

SEAT  ACCELERATION  (G) 

X  AXIS 

2.53 

1344 

-1.57 

1390 

T  AXIS 

1 . 23 

1400 

-0.  99 

1410 

Z  AXIS 

12.40 

1362 

-0.26 

1314 

l  AXIS  (SMOOTHED) 

11.09 

1383 

-0.  14 

1314 

CHEST  ACCELERATION  (G) 

X  AXIS 

1.91 

1  392 

-0.41 

1420 

T  AXIS 

1.61 

1450 

-0.  74 

1492 

Z  AXIS 

16.51 

1404 

-0.99 

1316 

RESULTANT 

16.50 

1404 

0.  60 

1344 

CHEST  SEVERITY  INDEX 

27.70 

HEAD  ACCELERATION  (Gl 

X  AXIS 

3.68 

1396 

-1.48 

1452 

T  AXIS 

0.  30 

1784 

-1.86 

1418 

Z  AXIS 

11.35 

1394 

-0.  35 

1228 

RESULTANT 

11.97 

1391 

0.20 

1  300 

HEAD  SEVERITY  INDEX 

19.72 

NEGATIVE  G  STRAP 

232.62 

1325 

120.27 

1484 

33.66 

1401 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

134.42 

1325 

135.42 

1437 

85.45 

1392 

Y  AXIS 

U.  86 

617 

6.03 

1631 

Z  AXIS 

4.06 

495 

23.87 

1422 

RESULTANT 

134.56 

1328 

136.93 

1432 

86.  79 

1392 

LEFT  LAP  LOROS  (LB) 

X  AXIS 

85 . 34 

1330 

65. 40 

1408 

47.96 

1384 

T  AXIS 

30.51 

1329 

17.54 

1411 

11.06 

1401 

Z  AXIS 

84.11 

1318 

39.57 

1409 

25.  39 

1383 

RESULTANT 

123.36 

1330 

77.86 

1408 

57. 03 

1  364 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

65.82 

1321 

61.99 

1405 

39.01 

1  384 

T  AXIS 

12.70 

1315 

10.76 

1419 

2.98 

1384 

Z  AXIS 

73.41 

1320 

37.94 

1407 

18.13 

1  363 

RESULTANT 

98.  41 

1329 

71 . 92 

1407 

43.  57 

1364 

TOTAL  LAP  LOAD  (LB) 

221.20 

1329 

149.56 

1408 

100.60 

1384 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFTI 

18.22 

955 

33.46 

1345 

-18.34 

1398 

X  AXIS  (RIGHT) 

28.19 

514 

15.91 

1291 

-30.29 

1  368 

X  AXIS  (SUM) 

39.73 

523 

41.18 

1345 

-44.54 

1398 

T  AXIS  (CENTERI 

23.  34 

725 

19.53 

1  741 

-12.22 

1  394 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

46.13 

465 

642. 91 

1413 

1  5.  69 

1342 

Z  AXIS  (RIGHT) 

57. 27 

485 

691 . 70 

1419 

21.08 

1245 

Z  AXIS  (CENTERI 

335.89 

1  329 

1507. 68 

1397 

190.62 

1742 

l  AXIS  (SUM) 

388. 58 

1328 

2456. 90 

1414 

257.56 

1  742 

SEAT  Z  SUM  /  HT 

2.  08 

1328 

13.14 

1414 

1  .  38 

1  742 

RESULTANT  SEAT  LOAD  (LB) 

308.74 

1328 

2456.90 

1414 

259. 33 

1  742 
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VERTICAL  TEST  PHASE 


TEST:  651 


SUBJt  B- 1 


MT:  152.0 


CELL:  H 


PARAMETER 


FREEFALL  TIME 
MAXIMUM  (MSEC) 


IMPACT  TIME 
MAXIMUM  (MSEC) 


IMPACT  TIME 
MINIMUM  (MSEC) 


REFERENCE  MARK 
TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHEO) 

CARRIAGE  VELOCITY  (FT/SEC) 

INTEGRATED  ACCELERATION 
TACHOMETER  (MEASUREO) 

SEAT  ACCELERATION  (Cl 
X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHEO) 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (G) 

X  AXIS 

Y  AXIS 
Z  AXIS 
RESULTRNT 

HEAD  SEVERITY  INDEX 

NEGATIVE  G  STRAP  137.34 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS  89.63 

T  AXIS  7.7S 

l  BXIS  7-58 

RESULTANT  89.95 

LEFT  LAP  LOADS  (LB) 

X  AXIS  80.79 

T  AXIS  31.43 

Z  AXIS  82.55 

RESULTANT  126.39 

RIGHT  LAP  LOADS  (LB) 

X  AXIS  86.72 

Y  AXIS  37.49 

Z  AXIS  82.23 

RESULTANT  124.57 

TOTAL  LAP  LOAD  (LB)  249.88 

SEAT  LINK  LOADS  (LB! 

X  AXIS  (LEFT)  5.49 

X  AXIS  (RIGHT)  -2.98 

X  AXIS  (SUM)  0. 16 

Y  AXIS  (CENTER)  38.05 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT1  54. 91 

Z  AXIS  (RIGHT)  98.23 

Z  AXIS  (CENTER)  142. 71 

Z  AXIS  (SUM)  292. 72 

SEAT  Z  SUM  /NT  1.93 

RESULTANT  SEAT  LOAD  (LB!  293.52 


2.29 

13B3 

-2.  05 

1388 

0.33 

1342 

-0.61 

1430 

10.65 

1378 

-0.  12 

1290 

10.03 

1389 

-0.  02 

1  286 

0.01 

1335 

-26.  15 

1658 

-1.18 

1725 

-26.20 

1340 

1.66 

1383 

-1.98 

1387 

1.66 

1349 

-1.38 

1357 

12.42 

1382 

-D.  21 

1261 

11.10 

1380 

-0.  15 

1258 

2.22 

1392 

-0.44 

1423 

1.01 

1441 

-1.63 

1395 

16.21 

1398 

-0.68 

1296 

16.31 

1395 

0.28 

1336 

27. B7 

2.47 

1503 

-2.  98 

1421 

1.34 

1504 

-0.  34 

1535 

14.21 

1402 

-0.  51 

1233 

14.27 

1399 

0.  28 

1273 

22.02 

122.91 

1466 

17.47 

1393 

93.63 

1460 

37.66 

1380 

12. 40 

1409 

24.92 

1379 

94.78 

1458 

44.89 

1388 

87.05 

1403 

64.63 

1381 

26.71 

1397 

20.82 

1389 

56.23 

1467 

33.96 

1361 

105.54 

1402 

76.  25 

1381 

B2.B9 

1404 

57.  36 

1381 

33.60 

1400 

20.  64 

1380 

56.24 

1464 

30.  08 

1380 

102.12 

1404 

68.85 

1381 

206.77 

1404 

145. 10 

1361 

10.36 

1436 

-26.21 

1394 

-0.64 

1452 

-36. 32 

1365 

4.33 

1458 

-61.33 

1384 

0.58 

1676 

-37. 51 

1393 

392.87 

1419 

31.46 

1226 

466.66 

1395 

62.64 

1231 

1090.81 

1396 

91.29 

1212 

1924.38 

1396 

198. 05 

1212 

12.66 

1396 

1  .  30 

1212 

1925.48 

1396 

198.49 

1212 

266 


VERT  1 C  AL  TEST  PHASE 


PARAMETER 


RE FERE MCE  NARK 

TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (Gl 
X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 

CARRIAGE  VELOCITT  IFT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  INEASURED) 

SEAT  ACCELERATION  (Gl 
X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITT  INDEX 

HERO  ACCELERATION  (Gl 
X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITT  INOEX 

NEGATIVE  G  STRAP 

SMOULDER  STRAP  LOAOS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

LEFT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LB) 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM) 

T  AXIS  (CENTER) 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

SEAT  Z  SUM  /  NT 

RESULTANT  SEAT  LOAD  (LB) 


65? 

SU8Jt 

B-3 

NT  t  182.0 

CE 

FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

1254 

1365 

2.66 

1382 

-1.91 

0.62 

1381 

-0.60 

10.54 

1415 

-0.  11 

10.04 

1426 

-0.02 

0.02 

1371 

-26.22 

-1 .  15 

1849 

-25.64 

2.39 

1382 

-1. 73 

1.04 

1415 

-1.04 

11.46 

1421 

-0.  17 

10.76 

1418 

-0.  13 

3.76 

1431 

0.00 

0.25 

1275 

-2.  63 

13.24 

1438 

-0.  67 

13.81 

24.60 

1435 

0.16 

2.42 

1437 

-1.29 

1.06 

1601 

-1.42 

11.78 

1437 

-0.59 

12.05 

19.92 

1434 

0.34 

270.00 

1204 

105.56 

1522 

48.45 

136.26 

1 3S7 

108.28 

1473 

78.29 

15.76 

1347 

21.00 

1457 

9.39 

684 

29.20 

1453 

137.21 

1364 

112.07 

1473 

84.33 

117. 78 

1364 

119.02 

1U41 

82.89 

48.62 

1363 

43.91 

1444 

32.  12 

111.25 

1361 

66.95 

1447 

56.58 

168. IS 

1364 

152.67 

1443 

105.93 

126.65 

1360 

125.37 

1441 

93.46 

35.05 

1193 

34.40 

1450 

24.03 

129. 16 

1202 

99.21 

1440 

67.92 

184.35 

1364 

162.64 

1441 

1  IB. 28 

352. 50 

1364 

314.96 

1443 

225. 37 

3.  35 

685 

16.76 

1379 

-16.76 

4.94 

981 

6.69 

1417 

-15.53 

1 .  10 

521 

18.77 

1379 

-23. 52 

3.47 

560 

-0.98 

1318 

-39.08 

71.98 

1215 

561.12 

1438 

25.60 

139.99 

1362 

615.81 

1440 

52.51 

330. 70 

1364 

1202.04 

1431 

197.64 

518.15 

1364 

2330.34 

1437 

301.63 

2.85 

1364 

12.80 

1437 

1.66 

518. 37 

1364 

2330.56 

1437 

301.74 

TIME 

(MSEC) 


VERTICAL  TEST  PHASE 


PARAMETER 


REFERENCE  MARK 
TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (C) 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHEOi 

CARRIAGE  VELOCITY  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHEOi 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITY  INOEX 

NEGATIVE  G  STRAP 

SHOULDER  STRAP  LOAOS  (LB) 

X  AXIS 

Y  AXIS 
Z  AXIS 
RESULTANT 

LEFT  LAP  LOADS  (LB) 

X  AX  IS 

Y  AXIS 
Z  AXIS 

RESULTANT 

RIGHT  LHP  LOADS  (LB) 

X  AXIS 

Y  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LB) 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM! 

Y  AXIS  (CENTERI 

SEAT  LOAOS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 
l  AXIS  (SUM) 

SEAT  Z  SUM  /  HT 

RESULTANT  SEAT  LOAD  (LB) 


686  SUB J :  C-l 


FREEFALL  TIME  IMPACT 

MAXIMUM  (MSEC)  MAXIMUM 


2.87 
0.  48 
10.69 
10.00 


0. 01 
-1.20 


2.37 
1.87 
12.79 
1  1  .  IN 


2.83 
0.55 
11.  69 
15.01 
27.89 


3.38 

0.70 

11.19 

11.99 

20.22 

316. 33 

1353 

223.11 

203.01 

1317 

185.05 

15.  38 

(355 

15.38 

9.  1 1 

726 

30.  17 

203.67 

1355 

187.10 

116.68 

1352 

129.21 

59.36 

1351 

16.99 

139.53 

1351 

99.01 

210.11 

1355 

168.13 

1 1 1-97 

1351 

99.21 

35.  35 

1355 

30.81 

1 19. 05 

1351 

79.12 

167. 08 

1351 

129.98 

376.61 

1355 

297.11 

20.  31 

512 

27.01 

50.81 

512 

21 . 02 

71.15 

512 

11 . 32 

108.97 

512 

70.21 

97.52 

1351 

137.  1  9 

105. 85 

1350 

188.95 

100. 10 

1355 

1353.66 

597. 10 

1355 

2269.51 

3.17 

1355 

13.  19 

599. 87 

1355 

2269.66 

WT:  172.0 

CELL 

:  H 

TIME 

IMPAC  T 

TIME 

(MSEC) 

MINIMUM 

(MSEC) 

1211 

1367 

1370 

-1.98 

1378 

1108 

-0.53 

1140 

1108 

-0.  1  1 

1251 

1120 

-0.  03 

1252 

1  361 

-26. 01 

1699 

1753 

-26. 25 

1367 

1372 

-1.70 

1111 

1 120 

-0.  92 

1370 

1112 

-0.  36 

1251 

1110 

-0.  22 

1250 

1120 

-0.4  1 

1172 

1372 

-2.  81 

1124 

1132 

-0.60 

1266 

1132 

0.  16 

1362 

1436 

-0.  53 

1370 

1576 

-1.07 

1430 

1434 

-0.  53 

1350 

1434 

0. 43 

1319 

1505 

CD 

"J 

J= 

1426 

1501 

105.10 

1419 

1355 

1448 

1458 

108. 32 

1419 

1437 

104. 32 

1411 

1432 

39.  32 

1415 

1461 

74.  74 

1411 

1437 

134.93 

1411 

1438 

73.  68 

1409 

1445 

20.44 

1410 

1436 

50.21 

1411 

1438 

91.77 

1411 

1436 

226. 70 

1411 

I  369 

0.  80 

1436 

1470 

-2.  96 

1414 

1478 

-0.  35 

1415 

1612 

17.  54 

1408 

1435 

48.  9? 

1837 

1433 

50.  24 

1782 

1426 

242. 76 

18  36 

1427 

352. 44 

1837 

1427 

2.  05 

1837 

1427 

360. 07 

1837 

VERTICAL  TEST  PHASE 


TEST i  642 


SUBJ:  C-2 


NT:  180.0 


CELL:  H 


FREEFALL 

PARAHETER  MAXIMUM 


REFERENCE  MARK 
TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  1SM00THE0I 

CARRIAGE  VELOCITT  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (C) 

X  AXIS 
T  AXIS 
l  AXIS 

Z  AXIS  (SMOOTHED) 


CHEST  ACCELERATION  (G) 


X  AXIS 

r  axis 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INOEX 

HEAD  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVER  I  T  T  INDEX 

NEGATIVE  G  STRAP 

170.67 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

75.38 
5. 85 
7.33 
75.92 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

69.  19 
26.  78 
65.57 
97. 99 

RIGHT  LAP  LOAOS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

69.  21 
15.28 
69.09 
98.  88 

TOTAL  LAP  LOAD  (LB) 

196.87 

SEAT  LINK  LOADS  ILBI 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM) 

T  AXIS  (CENTER) 

2.72 

-0.65 

-1.49 

3.51 

SEAT  LORDS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

SEAT  Z  SUM  /  NT 

45.  1  5 
56. 93 
195. 74 
286. 1 0 

1 . 59 

RESULTANT  SEAT  LOAD  (L8) 

287. 17 

TIME 

IMPACT 

TIME 

IMPACT 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

1214 

1340 

1 . 95 

1340 

-1.76 

0.58 

1338 

-0.50 

10. S6 

1376 

-0.  14 

10.01 

1382 

-0.04 

0.02 

1330 

-26.24 

-1.17 

1706 

-26.  19 

1.78 

1340 

-1.46 

1.10 

1  388 

-0. 67 

11.60 

1380 

-0.  18 

10.89 

1378 

-0.  07 

3.32 

1388 

-0.49 

0.93 

1454 

-2.07 

14.22 

1395 

-0. 57 

14.54 

28.24 

1394 

0.  17 

2. US 

1392 

-2.  94 

2.43 

1439 

0.63 

10.69 

1397 

-0.  70 

11.02 

19.79 

1394 

0.89 

1326 

194.52 

1451 

80.30 

1326 

189.31 

1435 

56.39 

1315 

16.32 

1407 

1309 

42.00 

1421 

1326 

193.41 

1435 

63.  10 

1  325 

100.34 

1410 

66.70 

1321 

37.98 

1410 

24.42 

1326 

75.  69 

1439 

40.25 

1326 

129.00 

1410 

83.58 

1326 

98. S7 

1420 

61.55 

1324 

20.47 

1426 

10.10 

1324 

80.56 

1431 

40.  93 

1326 

127. 54 

1420 

75.94 

1326 

254.58 

1409 

159. 53 

950 

14.30 

1465 

-18.61 

520 

-4.16 

1  620 

-53. B  7 

961 

1 . 95 

1465 

-69. 56 

664 

2.87 

1212 

-30. 15 

1298 

399.35 

1416 

24.  10 

1314 

514.60 

1426 

34.67 

1326 

1316.50 

1394 

86.91 

1  7C6 

2148.73 

1  395 

155.11 

1  32C 

11.94 

1  395 

0.  86 

1326 

2149.74 

1395 

155.44 

TIME 

(MSEC) 


1345 
1  342 
1245 
1247 


1693 

1340 


1385 

1337 

1312 

1230 


1446 
1397 
1287 
1  306 


1450 

1493 

1273 

1766 


1381 


1386 


1  370 


1356 

1357 
1378 
1378 


1358 

1377 

1377 

1378 

1378 


1382 
1  392 
1382 
1376 


1315 

1210 

1223 

1216 

1216 

1216 


VERTICAL  TEST  PHASE  TEST 

656 

SUB  J : 

E-2 

NT:  167 

0  CELL 

:  H 

FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

1188 

TIME  OF  IMPACT  START 

1308 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

2.82 

1312 

-1.67 

135' 

T  AXIS 

0.41 

1312 

-0.  76 

1351 

Z  AXIS 

10.44 

1350 

-0.14 

122), 

Z  AXIS  ISMOOTHEO) 

10.04 

1361 

-0.  03 

121" 

CARRIAGE  VELOC ITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.00 

1309 

-26.12 

165 

TACHOMETER  (MEASUREOI 

-1.21 

1658 

-26. 20 

1306 

SEAT  ACCELERATION  (G) 

X  AXIS 

2.40 

1312 

-1.77 

135' 

T  AXIS 

1.62 

1362 

-0.50 

132" 

Z  AXIS 

11.59 

1367 

-0.  09 

124; 

Z  AXIS  ISMOOTHEO) 

10.98 

1352 

-0.  02 

1 2  1  S 

CHEST  ACCELERATION  IG) 

X  AXIS 

2.29 

1359 

-1.77 

1412 

T  AXIS 

0.98 

1460 

-0.91 

1376 

Z  AXIS 

14.61 

1375 

-0.99 

1263 

RESULTANT 

14.65 

1372 

0.  32 

1306 

CHEST  SEVERITY  INDEX 

23.21 

HEAD  ACCELERATION  (G) 

X  AXIS 

3.57 

1364 

-0.24 

1  3  1  C 

T  AXIS 

1.62 

1477 

0.27 

1453 

Z  AXIS 

10.68 

1363 

-0.67 

1272 

RESULTANT 

11.27 

1360 

0.  50 

1446 

HEAD  SEVER  ITT  INOEX 

18.39 

NEGATIVE  G  STRAP 

319.71 

1298 

244.40 

1419 

151.52 

1366 

SHOULDER  STRAP  LOAOS  (LB) 

X  AXIS 

203.68 

1299 

313.62 

1402 

178. 70 

1351 

Y  AXIS 

3.  IB 

772 

18.30 

1416 

Z  AXIS 

15.58 

1067 

58.92 

1393 

RESULTANT 

203.78 

1299 

319.34 

1402 

181.71 

1351 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

111.30 

1298 

118.77 

1405 

81.40 

1352 

Y  AXIS 

43.86 

1296 

49.76 

1406 

31.48 

135' 

Z  AXIS 

102.22 

1297 

98.17 

1405 

53.62 

1352 

RESULTANT 

156.31 

1297 

161.57 

1405 

104.44 

1352 

RIGHT  LAP  LOAOS  (LB) 

X  AXIS 

95.43 

1297 

1  12.02 

1405 

72.45 

135; 

T  AXIS 

33.64 

1289 

39.47 

1399 

23.91 

1 35C 

Z  AXIS 

99.42 

1299 

103. 59 

1408 

48.  31 

1353 

RESULTANT 

141.85 

1299 

155. 85 

1407 

90.31 

1352 

TOTAL  LAP  LOAD  (LB) 

296. 71 

1297 

317.32 

1405 

194.86 

1353 

SEAT  LINK  LOAOS  (LB) 

X  AXIS  (LEFT) 

-3.  36 

500 

7.00 

1439 

-42. 37 

1356 

X  AXIS  (RIGHT) 

-0.41 

536 

-6.26 

1435 

-47. 78 

135) 

X  AXIS  (SUM) 

-4.94 

501 

-2.18 

1439 

-89.56 

1356 

Y  AXIS  (CENTER) 

1.41 

485 

0.77 

1751 

-32.88 

1353 

SEAT  LOAOS  (LB) 

Z  AXIS  (LEFT) 

62.  18 

453 

378. 10 

1U00 

29.31 

1586 

Z  AXIS  (RIGHT) 

60.  81 

453 

417.21 

1392 

7.  94 

1226 

Z  AXIS  (CENTER) 

413.51 

1299 

1417.27 

1367 

181.97 

1  78G 

Z  AXIS  (SUM) 

484. 18 

1299 

1966.45 

1  366 

309.  12 

1773 

SEAT  Z  SUM  /  NT 

2.90 

1299 

11.78 

1368 

1 . 85 

1773 

RESULTANT  SEAT  LOAO  (LB) 

486. 30 

1299 

1968.16 

1368 

309.62 

1773 

®r  -.'\7  ■:*  ■cv' 
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VERTICAL  TEST  PHASE 


HT:  188.0 


CELL:  H 


FREEFALL 

MAXIMUM 


TIME 

(MSEC) 


REFERENCE  MARK 

TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (G! 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 

CARRIAGE  VELOCITY  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  IMEASURED) 

SEAT  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
i  MX  I  S 

Z  AXIS  (SMOOTHED) 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITT  INDEX 

NEGATIVE  G  STRAP 

SMOULDER  STRAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

LEFT  LAP  LOROS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LOADS  (LB) 


X  AXIS 

'y- 

r  axis 

Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM) 

T  AXIS  (CENTERl 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (BIGHT) 

Z  AXIS  (CENTER1 
Z  AXIS  (SUM) 

SEAT  l  SUM  /  WT 

RFSm  TONT  SEAT  LORO  (LB) 


326.  (18 


171.36 
2.  SI 
17.91 
171.78 


94.75 
37. 39 
95.  I  1 
138.36 


1 04. 72 
34.15 
109. 96 
155. 36 

292. 18 


18.28 
2  1 . 82 
35.89 
47.  75 


7  S .  5  7 

86.  12 

375. 72 

504. 73 

2.  68 

505. 73 


IMPACT 

TIME 

IMPACT 

T  IME 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

1180 

1312 

1 .57 

1346 

-1.61 

1348 

0.26 

1520 

-0.54 

1370 

ID.  60 

1341 

-0.11 

1  1  94 

10.03 

1353 

-0.02 

1195 

0.01 

1299 

-26. 24 

1650 

-1.21 

1647 

-26. 26 

1312 

1 . 30 

1346 

-1.64 

1350 

1  .  30 

1  350 

-0.60 

1358 

11.51 

1342 

-0.  32 

1200 

10.73 

1343 

-0. 22 

1  196 

3.87 

1  350 

-0.45 

1402 

1.42 

1446 

-1.16 

1360 

14.01 

1  362 

-0.78 

1268 

14.33 

1362 

0.61 

1  1  83 

26.76 

4. 50 

1  352 

-0.  31 

1452 

1 . 04 

1402 

-0.66 

1364 

10. 09 

1354 

-0.56 

1204 

11.04 

1351 

0.45 

1445 

19.  32 

234.22 

1438 

109.96 

135  7 

233. 33 
!  4 . 1  S 
S7.  S3 

1399 

1  395 

1  395 

100.40 

1349 

240.  12 

1398 

105.63 

1349 

112.19 

1  384 

67.  35 

1343 

38.57 

1  386 

22.66 

1  348 

87.01 

1  396 

43.47 

1342 

146.02 

1  3B7 

63.  63 

1344 

128.97 

1385 

77.  92 

1342 

36.10 

1  388 

21.19 

1341 

112.04 

1  393 

55. 72 

1  344 

173.02 

1  385 

98. 84 

1343 

318.89 

1  387 

1 83. 00 

1  343 

31.08 

1  429 

-8.53 

1348 

18.32 

1449 

-27.88 

1357 

44.13 

1429 

-31 . 74 

1  348 

41.40 

1  770 

1  .  40 

1341 

417.67 

1  371 

32.  55 

1614 

495. 2S 

1  368 

51.68 

1646 

1425. 68 

1  357 

1 93. 58 

1777 

2259. 57 

1  365 

340.67 

16  15 

12.02 

1  365 

1.81 

1615 

2259.65 

1365 

343.44 

1615 

VERTICAL  TEST  PHASE 

TEST! 

696 

SUB  J: 

J-4 

NT i  188.0 

CELL 

:  H 

PARAMETER 

FREEFALL 

MAXIMUM 

TIME 

(MSEC) 

IMPACT 

MAXIMUM 

TIME 

(MSEC! 

IMPACT 

MINIMUM 

TIME 

(MSEC) 

REFERENCE  MARK 

TIME  OF  IMPACT  START 

1232 

1357 

CARRIAGE  ACCELERATION 

X  RXIS 

T  AXIS 
l  AXIS 

Z  AXIS  (SMOOTHED! 

(G) 

1.82 

1.66 

10.79 

9.93 

1398 

1410 

1396 

1408 

-2.  1  0 
-0.  54 
-0.08 
-0.  02 

1406 

1  460 
1298 
1230 

CARRIAGE  VELOCITT  (FT/SEC) 
INTEGRRTEO  ACCELERATION 
TACHOMETER  (MEASUREO) 

0.02 

-1.12 

1351 

1809 

-26.20 

-26.36 

1660 

1357 

SEAT  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

Z  AXIS  (SMOOTHEO) 

1.55 

1 .40 
12. 8S 
11.06 

1410 

1416 

1400 

1396 

-1  .  79 
-1.39 
-0.40 
-0.24 

1402 
14  50 

1  2S2 
1248 

CHEST  ACCELERATION  <GI 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITT  INDEX 

2.00 
0.49 
15.96 
16.16 
30.  IS 

1412 

1432 

1422 

1419 

-1.06 

-2.44 

-1.55 

0.06 

14  58 
1412 
1506 

1  3S0 

HEAD  ACCELERATION  (G! 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITT  INDEX 

3.92 
2. 19 
12.45 
13.05 
24.  10 

1496 

1504 

1418 

1417 

-2.29 
-0.  53 
-1.33 
0.27 

1472 

1454 

1510 

1353 

NEGATIVE  G  STRAP 

210.25 

1344 

154.39 

1510 

42.  OS 

1412 

SHOULDER  STRAP  LOROS 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

(LB) 

1 3V.  91 
S.  29 
-3.09 
136.94 

1338 

788 

499 

1344 

14B. 93 
12.86 
14.69 
149.39 

1459 

1461 

1434 

1459 

57.99 

59.  26 

1406 

1407 

LEFT  LAP  LOADS  ILBI 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTRNT 

97. 92 
28.55 
93.59 
138.43 

1341 

1344 

I  344 
1344 

114.11 

28.55 

79.42 

141.93 

1  430 
1428 
1431 

1  428 

76. 79 
19.71 
44. 99 
91.24 

1398 
1401 
1397 

1399 

RIGHT  LAP  LOADS  (LB1 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

77.40 
19.23 
79. 46 
111.85 

1343 

1343 

1  342 
1343 

102.93 

23.77 

81.54 

132.14 

1429 

1434 

1426 

1  428 

60.8  1 
11.46 
39.  62 
74.  It 

1  398 

1  397 

1  395 

I  398 

TOTAL  LAP  LOAD  (LB! 

250.03 

1  344 

274.07 

1428 

165.67 

1  398 

SERT  LINK  LORDS  CL B1 

X  AXIS  (LEFT! 

X  AXIS  (RIGHT) 

X  AXIS  (SUM! 

T  AXIS  (CENTER! 

3.01 
2.16 
0.  32 
-2.65 

1335 

514 

501 

557 

28.61 

3.92 

10.10 

-3.92 

1407 

1  470 
1483 
1230 

-7.  96 
-35. 65 
-31.84 
-54. 72 

1438 
1402 
14  30 
1436 

SEAT  LOADS  (LB! 

1  AXIS  (LEFT! 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER! 

Z  AXIS  (SUM! 

SEAT  l  SUM  /  NT 

113.91 

104.62 

241.54 

418.47 

2.  23 

1338 

1343 

667 

1  343 
1343 

660. 22 
730.29 
1173.21 

2557 . 92 

13.61 

14  16 
1414 
1417 

14  16 
1416 

53.46 
52.  12 
153. 30 
297. 70 

1  .  58 

1  706 
1  725 

1241 

1232 

1232 

RESULTANT  SEAT  LOAD 

(LB) 

418.61 

1343 

2558. 23 

1416 

297. 7 7 

12  32 

-•  .*1 


VERTICAL  TEST  PHASE  TEST:  697  SUBJ:  K-l 


PARAMETER 


FREEFALL  TIME  IMPACT 

MAXIMUM  (MSEC)  MAXIMUM 


REFERENCE  MARK 
TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (G) 
X  AXIS 


X  AX  I  S 

T  AXIS 

z  axis 

Z  AXIS  (SMOOTHED) 

1.19 
2.  03 
10.  73 
9. 9V 

CARRIAGE  VELOC1TT  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  IMEASUREQ) 

0.02 

-1.12 

SEAT  ACCELERATION  <GI 

X  AXIS 

T  AXIS 

Z  Ax  I  S 

Z  AXIS  (SMOOTHED) 

1 . 26 

1 . 85 
12.25 
10.86 

CHEST  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

3.1? 
1.08 
15.49 
15.93 
3D. 01 

HEAD  ACCELERATION  (G) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

2.19 

1.41 

12.49 

12.63 

19.92 

NEGATIVE  G  STRAP 

220.80 

1333 

93.40 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

150.61 

4.  03 

7.  16 

150.62 

1333 

527 

1096 

1  333 

136.62 

8.68 

28.21 

138.51 

LEFT  LAP  LOROS  (LSI 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

I  C  7 .  3li 

34 .  16 
97.  30 
147. 81 

1333 

1322 

1  327 
1332 

91.14 
24.  73 
57.81 
110.20 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

T  AXIS 

Z  AXIS 

RESULTANT 

78.94 
18.82 
72. 57 
106.55 

1319 

1266 

1286 

1319 

68.  73 
14.93 
40.24 
79.47 

TOTAL  LAP  LOAD  (LB) 

25S. 00 

1334 

167,70 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUMi 

T  AXIS  (CENTER) 

41.55 

0.  54 

40.  26 
-15.56 

49S 

509 

509 

584 

42.16 

1.12 

33.10 

-18.73 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  Ax  IS  (CENTER) 

Z  AXIS  (SUMI 

SEAT  Z  SUM  /  WT 

102.79 

82.  80 

25  3 . 70 

4 3 1 . 52 

2.  36 

13  16 

1  338 
1336 

1  336 

13  38 

443. 13 
50? . 26 

1  3  70.  3  9 
2319.14 
12.6-' 

RESULTANT  SEAT  LOAD  (LB) 

432. 61 

1  336 

2320 . 32 

WT:  1B3 

0  CELL 

:  H 

/a 

TIME 

IMPACT 

T  1  HE 

(MSEC) 

MINIMUM 

(MSEC  1 

>v- 

1228 

134  7 

$ 
1*  1  • 

1392 

-1.72 

1  396 

.** 

1404 

-0.68 

14  10 

-j 

1  389 

-0.12 

1292 

1401 

-0.03 

1291 

1  343 

-26.09 

1  B67 

1  720 

-26. 36 

134  7 

■  .  *  « 

■■'j 

1400 

1408 

-1.57 

-0.94 

!  3 96 

1  4f  0 

1  390 

1  390 

-0.29 
-0.  1  7 

1240 

1237 

m 

./ « 

1408 

-0.  52 

1452 

1486 

-3.  52 

1414 

.  '* 

1  422 

-0.64 

1260 

1419 

0.18 

134  1 

1  408 

-  2 .  13 

J  4  f.  4 

w 

1596 

-0.  22 

1  4  22 

«• 

14  12 

-0.  86 

1  324 

*  .  * J 

1409 

0.  73 

1349 

\\\ 

1471 

18.09 

1407 

:-■$ 

1450 

1  52B 

74. 6S 

1399 

|3| 

1426 

1450 

77.  98 

13  99 

.v; 

142) 

55.01 

1 

vs 

)  421 

IS.  30 

1 

1420 

27.44 

1  <6- 

1421 

64 . 24 

i  os; 

1416 

4  1.92 

1391 

14)0 

7.15 

i  :  i  r  •-< 

14  17 

15.21 

1  -  m. 

14)6 

4  5.2’ 

1  )  9  1 

V 

■/v 

14  18 

1  1  1 .  If 

13  97 

1400 

1  4  .  3 

1  4  1  - 

15  12 

-56.  1  9 

1  *4  £• l- 

•» 

1478 

-  3  1  .  • 

1  4'| 

1  743 

-80. 32 

1  4  2  7 

]  gr.  ? 

32. 

1  :  ' 

1406 

3  ?  .  4  i 

\ 

-  - 

1406 

129.  n 

}  1  (J  ‘ 

14"  7 
140? 

22  7.  5 

1  .  2- 

i  *  r  ■ 

lv- 

m 

140  7 

229. 6  , 

1  ; ; 

yA 

*.  * 
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VERTICAL  TEST  PHASE 


TEST:  6*44 


SUB J :  H  t  3 


HT:  173.0 


CELL:  H 


% 

Ly 

5 

w 


s 


r  nonfiC  TE  R 


reference  hark 
TINE  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (Cl 
X  AXIS 
T  AXIS 
l  AXIS 

Z  AXIS  (SMOOTHED! 

CARRIAGE  VELOCITT  (FT/SECI 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (Gl 
X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHEOI 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITY  INDEX 
NEGATIVE  G  STRAP 


FREEFALL 

MAXIMUM 


TIME 

(MSEC) 


K 

SHOULDER  5TRAP 

X  AXIS 

Y  AXIS 

Z  AXIS 

LOADS 

M  1 

1  % 

RESULTANT 

%* 

LEFT  LAP  LOADS 

(LB) 

y 

X  AXIS 

R* 

Y  AXIS 

B 

Z  AXIS 

RESULTANT 

RIGHT  lap  LOADS  (LB) 
X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LBI 

SEAT  LINK  LOADS  (LB) 
X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM) 

Y  AXIS  (CENTER) 


SEAT  LOAOS 
Z  AXIS 
Z  AXIS 
Z  AXIS 
Z  AXIS 
SEAT  Z  SUM 


(LB) 

(LEFT) 

(RIGHT) 

(CENTER) 

(SUM) 

/  NT 


RFSUITANT  SEAT  LOAD  (LB) 


170.01 


115.97 
11.67 
-0.69 
1 16. SI 


143.66 
46.56 
122.30 
193. SB 


124. 74 
36.51 
112.12 
169. 89 

363. 16 


45.27 

36.27 
80.37 

-41.26 


75.53 
101.83 
257. 09 
404. 38 
2.34 

409. 24 


1282 


1289 

751 

446 

1289 


1287 

1282 

1277 

1287 


1291 

1276 

1282 

1291 

1291 


446 

447 
446 
506 


445 

445 

1290 

1290 

1290 

1290 


274 


IMPACT 

TIME 

IMPRCT 

TIME 

1AX1MUM 

(MSEC) 

MINIMUM 

(MSEC) 

1180 

1303 

2.  13 

1307 

-1.62 

1312 

1 .59 

1358 

-0.51 

1406 

10.54 

1342 

-0.  02 

1272 

10.04 

1348 

0.  00 

1241 

0.00 

1302 

-26.28 

1657 

-1.19 

1744 

-26.02 

1303 

1.85 

1306 

-1.61 

1351 

1 .61 

1364 

-0.91 

1346 

11.47 

1346 

-0.  19 

1196 

10.87 

1345 

-0.  1 1 

1193 

2.47 

1354 

-0.  98 

1407 

0.  77 

1407 

-1.42 

1365 

15.98 

1361 

-0.  ?2 

1198 

16.13 

25.67 

1358 

0.  44 

1190 

3.3? 

1366 

-0.  15 

1305 

1.25 

1665 

-0.  13 

1382 

12.0? 

1369 

-0.  73 

1232 

12.50 

19.52 

1366 

0.  80 

1603 

1 10.38 

1432 

28.  17 

1360 

142.96 

12.83 

20.36 

1397 

1396 

1362 

67.00 

1353 

143.88 

1395 

69.59 

1353 

143. 66 

1368 

121.24 

1345 

42.44 

1372 

38.90 

1335 

98.00 

1369 

78.  77 

1344 

177.87 

1369 

150.95 

1345 

132.40 

1367 

108. 14 

1  344 

42.35 

1364 

31.33 

1343 

93. 35 

1369 

72.49 

1  344 

166.38 

1367 

133.91 

1344 

343.82 

1369 

285.  10 

1344 

26.38 

1519 

0.  17 

1359 

35.10 

1415 

2.94 

1  348 

53.  75 

1437 

9.20 

1348 

-45.71 

1757 

-106.03 

1346 

431.26 

1375 

35.  12 

1671 

433.90 

1371 

50.  16 

1643 

1  303.52 

1  359 

162.96 

1180 

2113.67 

1361 

291.54 

1748 

12.  22 

1  361 

1 . 69 

1748 

2115.78 

1361 

298.67 

1748 
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VERTICAL  TEST  PHASE 


TEST:  705 


SUB J:  P-3 


NT:  206.0 


PARAMETER 


REFERENCE  MARK 

TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 

CARRIAGE  VELOCITT  IFT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HERO  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HERO  SEVER  I T  T  INDEX 

NEGATIVE  G  STRAP 

SHOULDER  strap  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

LEFT  LAP  LOADS  I LB  J 
X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LOADS  (LB) 


FREEFALL 

MAXIMUM 


TIME 

(MSEC) 


X  AXIS 

‘/A 

T  AXIS 

Z  AXIS 

‘si 

RESULTANT 

TOTAL  LAP  LOAD  (LB) 


1  X  AXIS 

(LEFT) 

X  AXIS 

(RIGHT) 

k'  v 

X  AXIS 

(SUM) 

# 

r  axis 

(CENTER) 

SEAT  LOADS 

(LB) 

'.V.' 

Z  AXIS 

(LEFT! 

Z  AXIS 

(RIGHT) 

lu; 

Z  AXIS 

(CENTER) 

tm 

Z  AX  I  3 

(SUM) 

RESULTANT  SEAT  LOAD  ILB) 


28U.SH 


176. 70 
-2.  98 
-5.84 
182. 10 


113.29 
28.21 
101. 57 
154.64 


106. 53 
29.  36 
107.74 
153.49 

307.22 


1  .  79 
-2.63 
-6.91 
0.86 


119. 62 
92.  30 

320.69 
525. 1 1 
2.55 

525. 63 


IMPACT 

MAXIMUM 


1.44 
1 . 07 
10.65 
9.68 


0.01 

-1.12 


1 . 23 
1 . 45 
12.55 
10.95 


4.36 
1 . 20 
15.08 
15.66 
28. 01 


1.71 

0.76 

12.10 

12.22 

22.01 

221. 15 


203.68 
-0.07 
5. 3D 
204.56 


124.50 
31.74 
93. 47 
156.19 


119.30 

29.36 

94.18 

154.68 

310.87 


17.03 
-6.14 
2.70 
0.  86 


597.49 

601.87 

1494.61 

2672.47 

12.97 

2673.33 


TIME 

(MSEC) 


IMPACT 

MINIMUM 


-1.84 
-0.  47 
-0.  12 
-0.03 


-25.97 

-26.42 


-1.69 
-0.  96 
-0-  13 
-0.09 


-0.  1  9 
-1.47 
-0.  86 
0.42 


time 

(MSEC) 


1398 

-2.  10 

1444 

1524 

-0.  48 

1430 

1400 

-0.  62 

1294 

1398 

0.38 

1634 

1456 

91 . 87 

1401 

1444 

92.75 

1395 

1B1U 

1396 

1444 

93.  34 

1  395 

1415 

97.10 

1387 

1411 

22.31 

1390 

1450 

64.  1  1 

1386 

1415 

119. 84 

1386 

14)5 

87.  39 

1  387 

1416 

20.  28 

1385 

1452 

61.65 

1  384 

1415 

110.24 

1386 

1415 

230. 07 

I  386 

1467 

-2D. 15 

1406 

1570 

-49. 42 

1391 

1467 

-61.84 

1401 

1  770 

-46.12 

1384 

1403 

64.03 

I  22 4 

1409 

50.  56 

1222 

1402 

139. 94 

1  800 

I  403 

262.83 

1  222 

1403 

1 . 28 

1222 

1403 

263. 18 

1222 

•**„  ^  »*,  • 

.•“.•TaVTj'V  j 
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VERTICAL  TEST  PHASE  TEST:  71S  SUBJ:  R-2  WT :  143.0  CELL:  H 


PARAME  TEfi 


REFERENCE  MARK 
TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (Gl 
X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 

CARRIAGE  VELOCITY  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (Gl 
X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (G) 

X  AXIS 
Y  AXIS 
Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INOEX 

NEGATIVE  G  STRAP 

SHOULOER  STRAP  LOADS  (LB  I 
X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

LEFT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LB) 


SEAT  LINN  LOADS  (LB) 


X 

AXIS 

(LEFT) 

X 

AXIS 

(RIGHT) 

X 

AXIS 

(SUM) 

T 

AX  1  S 

(CENTER) 

SEAT 

LOADS 

(LB) 

Z 

AX  1  S 

(LEFT) 

z 

AXIS 

(RIGHT] 

z 

AX  I  S 

(CENTER) 

z 

AX  I  S 

(SUM) 

SEAT 

Z  SUM 

X  WT 

RESULTANT  SEAT  LOAD  ILB) 


FREEFALL  TIME  IMPACT 

MAXIMUM  (MSEC)  MAXIMUM 


3.34 
0.34 
10.70 
10.  02 


0.01 

-1.20 


2.64 
1  .90 
12.75 
11.17 


2.65 
0.  16 
13.72 
13.79 
26.94 


1.10 
1 . 08 
12.29 
12.32 
21.13 


127.37 

1294 

91.59 

75.54 

1295 

110.52 

4.32 

1179 

14.79 

1  3. 67 

1292 

42.15 

76.40 

1295 

1  IB.  14 

100.06 

1294 

100.06 

37.13 

1292 

34.77 

88.67 

1293 

63.36 

136.76 

1294 

122.95 

100.74 

1296 

91.80 

40.89 

1296 

38.30 

98.45 

1291 

67.17 

145.29 

1296 

120.03 

284.05 

1296 

242.98 

0.61 

798 

38.4  0 

-0.23 

468 

3.86 

-0.82 

467 

29.  39 

0.19 

520 

-2. 98 

43.67 

1  296 

360.55 

45.67 

1291 

432.71 

222.82 

12  96 

1211.20 

310.47 

12  96 

1957. 1 4 

2.17 

12  96 

13.69 

311.01 

1296 

1 958 . 04 

T  1  ME 

IMPACT 

TIME 

(MSEC) 

MINIMUM 

(MSEC) 

1  164 

1314 

1310 

-2.  04 

1318 

1514 

-0.  55 

1400 

1347 

-0.  07 

1270 

1  360 

-0.  02 

1  270 

1305 

-26. 25 

1638 

1671 

-26. 25 

1314 

1312 

-1  .  74 

1318 

1  356 

-0.  77 

1  366 

1  352 

-0.04 

1270 

1  349 

0.  01 

1270 

1  356 

-0.  39 

1  380 

1410 

-3.34 

1  360 

1  376 

-0.  77 

1282 

1375 

0.44 

1  302 

1430 

-3.  00 

1  366 

1454 

-0.  16 

14  14 

1366 

-0.  55 

1276 

1  365 

0.61 

1  262 

1453 

18.16 

1363 

1387 

1  377 

56.55 

1355 

1  382 

1  387 

63.42 

1  355 

1  369 

76. 39 

1  334 

1  367 

27.11 

1  34  3 

1  370 

42.10 

1343 

1  369 

92.56 

1  35f 

1  370 

67.55 

13  4  9 

1  369 

26.64 

13  35 

1  369 

4  3.18 

1  35 

1  369 

85.02 

1  34 - 

1  369 

178.40 

1  34  9 

1  359 

-3.66 

1295 

1311 

-17.19 

1  355 

1  359 

-14. 39 

1  30  • 

1  680 

-58. 23 

1  36.- 

1  369 

21.4! 

1  1  9: 

1  364 

19.4. 

1)4- 

1  366 

139.4 

17  7- 

1  354 

191.6 

1  1  Er 

1  364 

1  .  3-i 

1  1  f  5 

1  364 

1  9  2 .  0  1 

Ilf' 

VERTICAL  TEST  PHASE  TEST:  641  SUBJ:  R-3  NT ■  155.0  CELL:  H 


FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PPROMFTFA 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MIN  I  MUM 

(MSEC) 

REFERENCE  HARM 

1186 

TINE  OF  IMPACT  START 

1315 

CARRIAGE  ACCELERATION  (G! 

X  AXIS 

1.60 

1354 

-1.50 

1359 

T  AXIS 

0.59 

1365 

-0.  51 

1312 

Z  AXIS 

10.76 

1349 

-0.  04 

1283 

Z  AXIS  (SMOOTHED) 

10.00 

1  354 

-0.  03 

1217 

CARRIAGE  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.02 

1303 

-26.  17 

1661 

TACHOMETER  (MEASURED) 

-1.  19 

1663 

-26.18 

1315 

SEAT  ACCELERATION  (G) 

X  AXIS 

1.32 

1354 

-1.53 

1358 

T  AXIS 

0.92 

1361 

-0.  48 

1366 

Z  AXIS 

11.48 

1353 

-0.  1 1 

1202 

Z  AXIS  (SMOOTHED) 

10.91 

1351 

-0.07 

1180 

CHEST  ACCELERATION  (G) 

X  AXIS 

3.  1  1 

1375 

-0.  21 

1460 

T  AXIS 

0.52 

1393 

-1.01 

1376 

Z  AXIS 

17.48 

1378 

-0.  72 

1204 

RESULTANT 

17.77 

1373 

0.  33 

1767 

CHEST  SEVERITT  INDEX 

27.58 

HEAD  ACCELERATION  (G) 

X  AXIS 

0.76 

1  361 

-2.49 

1414 

t  axis 

0.61 

1365 

-0.15 

1739 

Z  AXIS 

12.93 

1372 

-0.53 

1305 

RESULTANT 

12.95 

1369 

0.  22 

1261 

HEAD  SEVERITT  INDEX 

19.91 

NEGATIVE  G  STRAP 

217.48 

1297 

116.43 

1445 

36.  73 

1366 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

79.  49 

1295 

151.45 

1400 

51.51 

1359 

T  AXIS 

6.  71 

813 

5.55 

1  186 

Z  AXIS 

13.40 

606 

49.31 

1393 

RESULTANT 

80.63 

1297 

158.92 

1400 

59.42 

1360 

LEFT  LAP  LOADS  (LB) 

X  AXIS 

131.95 

1296 

117.00 

1368 

98.32 

1351 

T  AXIS 

55.63 

1295 

45.02 

1371 

39.12 

1354 

Z  AXIS 

126.47 

1297 

85.98 

1369 

70.  79 

1352 

RESULTANT 

190.21 

1296 

150.B8 

1  369 

127.68 

1352 

RIGHT  LHP  LOADS  (LB) 

S  AXIS 

131. 14 

1294 

109.44 

1366 

95.40 

1351 

T  AXIS 

52.  68 

1296 

41.66 

1369 

36.47 

1350 

Z  AXIS 

136. SI 

1295 

67.49 

1371 

71.84 

1352 

RESULTANT 

196.49 

1296 

145.56 

1369 

124.87 

1352 

TOTAL  LHP  LOAO  (LB) 

386. 70 

1296 

296.44 

1369 

252.55 

1352 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

17.06 

624 

20.72 

1317 

-6.70 

1376 

X  AXIS  (RIGHT) 

23.  30 

453 

10.43 

1618 

-17.05 

1365 

X  AXIS  (SUM) 

30.64 

454 

27.06 

1317 

-18.88 

1367 

T  AXIS  (CENTER) 

-33. 70 

514 

-40.69 

1708 

-1 13.08 

1364 

SEAT  LOADS  ILB) 

Z  AXIS  (LEFT) 

82.42 

1295 

338.19 

1365 

26.  79 

1635 

Z  AXIS  (RIGHT) 

110.09 

1296 

420.30 

1  366 

31.04 

1671 

Z  AXIS  (CENTER) 

262. 70 

1297 

1281.67 

1366 

150. 64 

1777 

l  AXIS  (SUM) 

455.21 

1297 

2039.54 

1366 

221.67 

1768 

SEAT  Z  SUM  /  NT 

2.  94 

1297 

13.16 

1366 

1 . 43 

1768 

RESULTANT  SEAT  LOAD  (LB) 

457. 88 

1297 

2042.58 

1366 

226.93 

1768 
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VERTICAL  TEST  PHASE 


TESTs  716 


SUB J:  S-6 


NT;  117.0 


CELL:  H 


FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  MARK 

1  1  96 

TIME  OF  IMPACT  START 

1318 

CARRIAGE  ACCELERATION  (Cl 

X  AXIS 

1  .  S7 

1362 

-2.04 

1  366 

T  RXIS 

1  .  02 

1376 

-0.  54 

1  394 

Z  AXIS 

10.83 

1359 

-0.14 

1254 

Z  AXIS  (SMOOTHED) 

10. OU 

1364 

-0.  03 

1232 

CARRIAGE  VELOCITT  (FT/SEC) 

INTEGRATED  ACCELERATION 

0.01 

1314 

-26.  19 

1670 

TACHOMETER  IMEASUREDl 

-1.17 

1685 

-26.22 

1318 

SEAT  ACCELERATION  (Gl 

X  AX  IS 

1  .  49 

1370 

-  1 . 85 

1  366 

T  RXIS 

1.45 

1372 

-1.39 

1318 

Z  AXIS 

12.25 

1  364 

-0.40 

1210 

Z  AXIS  (SMOOTHED) 

11.19 

1361 

-0.21 

1210 

CHEST  ACCELERATION  (G) 

X  AXIS 

1  .  20 

1  364 

-1.34 

1  398 

T  AXIS 

0.37 

1396 

-1.22 

1376 

Z  AXIS 

13.73 

1  384 

-0.46 

1254 

resultant 

13.76 

138  1 

0.22 

1279 

CHEST  SEVERITY  INDEX 

24.16 

HEAD  ACCELERATION  (G) 

X  AXIS 

1 . 89 

I  368 

-2.57 

1  424 

T  AXIS 

1 . 49 

1  740 

-0.65 

1  368 

Z  AXIS 

10.01 

1  380 

-1.48 

1  740 

RESULTANT 

1  0. 9S 

1  379 

0.63 

1677 

HEAD  SEVERITY  INDEX 

17.  17 

NEGATIVE  G  STRAP 

128. 08 

1307 

114.27 

1454 

32.06 

1  3  75 

SHOULDER  STRAP  LOADS  ILB1 

X  AXIS 

70.  94 

1308 

140. yc 

1419 

61.94 

1  369 

Y  AXIS 

6.  39 

1201 

9.88 

1377 

Z  AXIS 

22.  86 

1233 

64.96 

1403 

RESULTANT 

74.08 

1308 

153.31 

14  17 

71 . 69 

1  344 

LEFT  LAP  LOADS  (LB! 

X  AXIS 

66.47 

1  30B 

85.16 

1388 

54.02 

1  3  S  1 

T  AXIS 

24.  16 

1  300 

27.11 

1  388 

14.73 

1  352 

Z  AXIS 

60.58 

1  307 

52.48 

1  391 

21.10 

I  36! 

RESULTANT 

92.  09 

1  307 

103.  14 

1  388 

60.95 

1  36! 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

76.  59 

1  306 

107.2? 

1  385 

7  1.48 

1  34  0 

T  AXIS 

32.  22 

I  308 

42.  59 

1  384 

26.  3- 

I  362 

Z  AXIS 

76.18 

1  294 

79.31 

1  391 

4  8. 02 

i  3  5 ; 

RESULTANT 

111.84 

I  306 

139.22 

1  385 

90.4b 

1361 

TOTAL  LAP  LOAD  (LB) 

203. 77 

1307 

241.54 

1  385 

151.44 

1  361 

SEAT  LINK  LOADS  C L B l 

X  AXIS  (LEFT) 

-1.30 

552 

17.59 

1448 

-23.85 

1383 

X  AXIS  (RIGHT) 

26.67 

462 

17.31 

1471 

-7.84 

1313 

X  AXIS  (SUM) 

23.  53 

465 

29.64 

1448 

-21.53 

1360 

T  AXIS  (CENTER) 

43.88 

463 

28.00 

1471 

-2.48 

1  373 

SEAT  LOADS  ( L B 1 

l  AXIS  (LEFT) 

23.8! 

462 

249. 28 

1  378 

-10.  16 

13!^ 

Z  AXIS  (RIGHT) 

38.  09 

1297 

231.87 

14  10 

22.  03 

16  34 

Z  AXIS  (CENTER) 

1 77. 72 

1  308 

997. 51 

1  376 

103. 26 

1777 

Z  AXIS  (SUM) 

212. 3) 

1306 

1477.75 

1  376 

14  7.;-. 

1  1 

SEAT  Z  SUM  /  HT 

1.81 

1  308 

12.63 

1376 

I  .  2! 

1  1  9i 

RESULTANT  SEAT  LOAD  (LB) 

21  3.  95 

I  308 

1477. 82 

1  376 

149.51 

1  1  9-. 
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Aa  V, 


VERTICAL  TEST  PHASE 


TEST i  673 


SUBJ:  W-3 


NT:  175.0 


CELL:  H 


PARAMETER 


REFERENCE  MARK 

TIME  OF  IMPACT  START 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHED) 

CARRIAGE  VELuCITT  (FT/SEC) 
INTEGRATED  ACCELERATION 
TACHOMETER  (MEASURED) 

SEAT  ACCELERATION  (Cl 
X  AXIS 
T  AXIS 
Z  AXIS 

Z  AXIS  (SMOOTHEO) 

CHEST  ACCELERATION  (G) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (Gl 
X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

HEAD  SEVERITY  INDEX 

NEGATIVE  G  STRAP 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
l  AXIS 
RESULTANT 

LEFT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 
T  AXIS 
Z  AXIS 
RESULTANT 

TOTAL  LAP  LOAD  (LBI 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

X  AXIS  (RIGHT) 

X  AXIS  (SUM) 

T  AXIS  (CENTER) 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

Z  AXIS  (RIGHT) 

Z  AXIS  (CENTER) 

Z  AXIS  (SUM) 

SEAT  Z  SUM  /  NT 

RESULTANT  SEAT  LOAD  (LB) 


FREEFALL  TIME  IMPACT 

MAXIMUM  (MSEC)  MAXIMUM 


2.5>1 

1.56 

10.57 

9.96 


0. 02 
-1.17 


2.23 

1.01 

11.57 

10.84 


1 . 08 
1.08 
IN. 59 
14.59 
28.  73 


1 .62 
0.73 
11.22 
11.24 
21.65 


194.13 

1343 

168.40 

162.39 

1349 

217.35 

7.88 

724 

9.04 

3.79 

511 

29.79 

162.45 

1349 

219.15 

66.  72 

1350 

66. 72 

21.96 

1354 

19.60 

62.71 

1339 

54.61 

92.61 

1354 

87.11 

54.43 

1333 

55.71 

22.02 

1341 

22.02 

60.56 

1350 

41.80 

84.20 

1350 

68.72 

176. 75 

1350 

150.35 

0.  32 

51  1 

14.94 

7.06 

510 

9. 99 

6.21 

51  1 

12.65 

52.58 

539 

49.40 

48.  85 

509 

451.90 

66.51 

509 

406.96 

234.51 

1354 

1262.10 

321.63 

1354 

2059. 74 

1 . 64 

1354 

11.77 

324.34 

1354 

2060.55 

TIME  IMPACT  TIME 


(MSEC) 

MINIMUM 

(MSEC) 

1244 

1369 

1370 

-1.80 

1372 

1416 

-0.  64 

1422 

1405 

-0.08 

1276 

1410 

-0.01 

1275 

1361 

-26.26 

1697 

1825 

-26.25 

1369 

1366 

-1.72 

1414 

1416 

-1.10 

1406 

1406 

-0.23 

1334 

1407 

-0.16 

1  305 

1414 

-1.53 

1466 

1436 

-0.53 

1  B4C 

1418 

-0.  70 

1  52C 

1418 

0.51 

1  36C 

1548 

-2.  76 

147C 

1532 

-0.69 

1  46E 

1434 

-0.33 

1  29E 

1431 

0.43 

1281 

1483 

25.  31 

1421 

1464 

1649 

102.42 

1415 

1447 

1464 

104.83 

1415 

1469 

35.58 

140" 

1485 

8.40 

me 

1402 

12.09 

140E 

14B0 

39.  75 

140" 

1439 

23.  79 

140" 

1442 

9.06 

140" 

1670 

6.  34 

1406 

1439 

26.24 

140" 

1460 

65.99 

140" 

1493 

-51.49 

1422 

1466 

-18.67 

1411 

1493 

-59. 79 

1411 

1527 

3.05 

1405 

1429 

30.  39 

1  24  f 

1423 

39.  39 

1664 

1  422 

161.58 

1  B4C 

1  424 

251.52 

1  24C 

1424 

1  .  44 

1245 

1424 

255.30 

1245 

VERTICAL  TEST  PHASE  TEST; 

t  651 

SUBJ: 

W-4 

NT:  194. 

.0  CELL 

:  H 

FREEFALL 

TIME 

IMPACT 

TIME 

IMPACT 

TIME 

PARAMETER 

MAXIMUM 

(MSEC) 

MAXIMUM 

(MSEC) 

MINIMUM 

(MSEC) 

REFERENCE  HARK 

1  254 

TIME  OF  IMPACT  START 

1366 

CARRIAGE  ACCELERATION  (G) 

X  AXIS 

2.  17 

1363 

-1.76 

1388 

T  RXIS 

0.26 

1529 

-0.  69 

1466 

Z  AXIS 

10.51 

1417 

-0.  1  1 

1295 

Z  AXIS  (SMOOTHEOI 

10.03 

1429 

-0.03 

1316 

CARRIAGE  VELOCITY  (FT/SEC) 

INTEGRRTED  ACCELERATION 

0.01 

1375 

-26. 26 

1  731 

TACHOMETER  (MEASUREOI 

-1 .  18 

1734 

-25.49 

1366 

SEAT  ACCELERATION  (G) 

X  AXIS 

1.96 

1383 

-1.66 

1426 

T  flX  I  S 

1 . 10 

1430 

-0.  78 

1379 

Z  AXIS 

11.71 

1422 

-0.26 

1  267 

Z  AXIS  (SMOOTHED) 

10.  BU 

1419 

-0.  15 

1265 

CHEST  ACCELERATION  (G) 

X  AXIS 

2.70 

1415 

-1.88 

1486 

T  RXIS 

0.85 

1507 

-4.24 

1439 

Z  AXIS 

16.07 

1436 

-1.02 

1  28U 

RESULTANT 

16.19 

1434 

0.46 

1376 

CHEST  SEVERITY  INDEX 

29.25 

HEAD  ACCELERATION  (01 

X  AXIS 

1.24 

1434 

-1.18 

1505 

T  AXIS 

1.03 

1576 

-0.  76 

1459 

Z  AXIS 

10.70 

1434 

-0.  77 

1  368 

RESULTANT 

11.51 

1  43  1 

0.  58 

1  380 

HEAD  SEVERITY  INDEX 

18.18 

NEGATIVE  G  STRAP 

215.32 

1363 

207.03 

1495 

<0 

ro 

CO 

1422 

SHOULDER  STRAP  LOADS  (LB) 

X  AXIS 

97.  78 

1361 

167.71 

1488 

43.61 

1428 

r  axis 

It.  15 

782 

1.21 

1254 

Z  AXIS 

5.15 

512 

28.98 

1470 

RESULTANT 

97.  81 

1361 

169.85 

1488 

48.  82 

1427 

LEFT  LAP  LOADS  (Lil) 

X  AXIS 

87.  70 

1365 

102.65 

1442 

67.  77 

1420 

Y  AXIS 

29.  76 

1363 

26.23 

1447 

20.  33 

1427 

Z  AXIS 

66.  12 

1366 

73.97 

1475 

40.56 

1420 

RESULTANT 

126. 17 

1366 

126.15 

1442 

81.66 

1420 

RIGHT  LAP  LOADS  (LB) 

X  AXIS 

66.81 

1365 

83.11 

1461 

51.49 

14  12 

T  AXIS 

23.36 

1359 

29.  19 

1455 

15.58 

14  19 

Z  AXIS 

73.  11 

1361 

71 . 05 

1466 

32. 46 

1419 

RESULTANT 

101.03 

1365 

111.35 

1466 

63.  00 

1420 

TOTAL  LAP  LOAD  (LB) 

225.99 

1365 

232.37 

1449 

144.85 

1420 

SEAT  LINK  LOADS  (LB) 

X  AXIS  (LEFT) 

1 . 80 

530 

15.82 

1508 

-16.48 

1442 

X  AXIS  (RIGHT) 

-2.25 

558 

3.02 

1528 

-42.01 

1424 

X  AXIS  (SUM) 

-2.81 

616 

13. 38 

1536 

-53. 01 

T  AXIS  (CENTER) 

1 .  12 

560 

-2.39 

1837 

-27. 79 

1418 

SEAT  LOADS  (LB) 

Z  AXIS  (LEFT) 

B5. 11 

1  362 

566.21 

1463 

40.  43 

1  753 

Z  AXIS  (RIGHT) 

55.  00 

1366 

591.04 

1463 

36.  53 

1  783 

Z  AXIS  (CENTER) 

2S9. 65 

1366 

1241.75 

1435 

148. 01 

1838 

l  AXIS  (SUM) 

106.54 

1366 

2241.50 

1436 

212. 39 

1  753 

SEAT  Z  SUM  /  NT 

2.  I  1 

1366 

11.57 

1436 

1.25 

1753 

RESULTANT  SEAT  LOAD  (LB) 

109.  12 

1366 

2245. 18 

1436 

242. 50 

1  753 
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APPENDIX  D 


ELECTRONIC  DATA  ANALYSIS 


The  electronic  data  from  this  test  program  were  analyzed  by  means  of  the 
Wllcoxon  paired-replicate  rank  test  (Wilcoxon  &  Wilcox,  1964).  A  total  of  eight 
comparisons  were  made  using  this  technique.  The  means  and  estimated  standard 
deviations  of  each  parameter  in  each  comparison  are  summarized  for  the  horizon¬ 
tal  test  phase  In  tables  D-l  through  D-4  and  for  the  vertical  test  phase  In 
tables  D-5  through  D-8.  Acceleration  means  were  first  rounded  to  three  signifi¬ 
cant  digits.  Load  means  less  than  or  equal  to  999.49  lb  were  rounded  to  the 
nearest  pound;  load  means  greater  than  999.49  lb  were  rounded  to  three  signifi¬ 
cant  digits. 

The  number  of  comparable  tests  in  one  comparison  may  be  different  from  the 
number  of  comparable  tests  in  another  comparison.  Therefore,  minor  variations 
in  the  means  and  standard  deviations  in  a  given  cell  may  be  noted  among  these 
tables.  An  asterisk  designates  a  statistically  significant  trend  in  a  parameter 
at  the  95%  confidence  level  for  a  two-tailed  test.  The  statistically  signifi¬ 
cant  trends  in  these  parameters  are  summarized  in  terms  of  percentage  and  magni¬ 
tude  increases  in  parameters  means  in  Tables  3,  5,  7,  and  8.  (See  sections  3B 
and  3C.) 

The  Wilcoxon  analyses  of  parameters  for  which  there  were  statistically  signifi¬ 
cant  differences  are  also  presented.  Vehicle  accelerations  and  velocities  and 
subject  accelerations  and  Severity  Indices  were  all  referenced  to  zero  baseline, 
whereas  all  load  data  were  referenced  to  measured  pre-impact  loads.  (See 
sectl ons  2C  and  4C. ) 

In  the  Wilcoxon  computations,  the  arithmetic  difference  between  the  parameter 
means  Is  first  computed.  These  differences  are  then  rank  ordered  from  smallest 
to  largest,  without  regard  to  sign.  Zero  differences  are  Ignored.  Then,  an 
integer  from  1  to  n,  where  n  Is  the  number  of  pairs  in  the  comparison,  is 
assigned  to  each  difference  so  that  the  smallest  difference  receives  the  rank  1 
and  the  largest  difference  receives  the  rank  n.  The  rank  integer  is  then  given 
the  same  sign  as  the  sign  of  the  arithmetic  difference  to  which  it  corresponds. 
The  negative  Integers  are  summed  and  the  positive  integers  are  suiimed.  Finally, 
these  sums  are  compared  to  critical  values  for  the  specified  confidence  level. 

If  the  larger  sum  is  greater  than  or  equal  to  (or  the  smaller  sum  is  less  than 
or  equal  to)  an  appropriate  critical  value,  then  the  means  may  be  considered 
statistically  different  (i.e.,  from  two  different  samples). 

The  advantages  of  employing  this  statistical  technique  are  particularly  note¬ 
worthy  in  these  experiments.  The  technique  is  comparative  and,  therefore,  is 
readily  applied  to  the  comparison  of,  for  example,  two  different  restraint  con¬ 
figurations.  Also,  the  method  establishes  each  subject  as  his  own  control, 
thereby  reducing  the  effects  of  biological  variability  on  the  data.  In  addi¬ 
tion,  a  relatively  small  number  of  palred-repllcates  (6)  is  the  minimum  number 
required  to  permit  a  valid  conclusion  at  the  95%  confidence  level. 
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The  disadvantages  of  the  Wilcoxon  technique,  however,  must  also  be  considered. 
Although  the  trend  (direction)  of  a  statistically  significant  difference  in  a 
given  parameter  is  indicated,  the  magnitude  of  that  difference  is  not  quantified 
by  the  technique.  (The  difference  between  the  means  of  the  two  sets  of  parame¬ 
ters  being  compared  may  be  easily  computed,  however.)  The  method  is  also  less 
sensitive  than,  for  example,  the  analysis  of  variance.  As  in  any  statistical 
technique,  statistical  significance  can  be  computed,  but  practical  significance 
must  be  judged. 

A  complete  set  of  Wilcoxon  computations  for  all  comparisons  in  this  test  program 
will  be  maintained  in  the  Biomechanical  Protection  Branch  until  this  work  unit 
is  retired.  Eventually,  these  data  will  be  recorded  in  a  permanent  biodynamics 
data  bank  within  AFAMRL. 


TABLE  0-1 


SUMMARY  OF  ELECTRONICALLY  MEASURED  AND  COMPUTED  DATA 
FROM  WILCOXON  COMPARISON  A-B 

(PEAK  VALUES  ARE  TABULATED  FOR  VELOCITY.  ACCELERATIONS  AND  LOADS.) 


(N  - 

14) 

TEST  CONDITION 

A 

B 

SIGNIFICANT 

RESTRAINT  HARNESS 

PCU-15/P 

PCU-15/P 

AT  95Z 

NEGATIVE  G  STRRP 

NO 

YES 

CONFIDENCE 

MEAN 

ST  DEV 

MEAN 

ST  DEV 

SLED  X  ACCELERATION  (G) 

-9.50 

0.09 

-9.50 

0.09 

SLED  VELOCITY  (FT/SEC) 

-30.2 

0.20 

-30.  1 

0.21 

SEAT  X  ACCELERATION  (G) 

-9.92 

0.  13 

-9.93 

0.  1 1 

CHEST  ACCELERATION  (G) 

-X  AXIS 

-20.3 

4.65 

-21.7 

4.65 

♦Z  AXIS 

15.3 

3.43 

16.6 

4.69 

RESULTANT 

24.6 

4.51 

25.5 

5.15 

CHEST  SEVERITY  INOEX 

65.  1 

13.6 

70.0 

19.4 

-EAD  ACCELERATION  (G) 

-X  AXIS 

-13.5 

2.54 

-13.3 

3.34 

-Z  AXIS 

-12.0 

4.38 

-11.2 

5.23 

RESULTANT 

17.4 

4.42 

16.8 

4.43 

-EAO  SEVERITY  INDEX 

62.3 

16.2 

55.9 

17.9 

STRAP  LOAD  (LB) 

TOTAL  SHOULDER  STRAPS 

659 

99 

692 

89 

M 

total  lap  BELT 

1930 

277 

2080 

362 

M 

VERTICAL  SEAT  LOAD  (LB) 

1500 

234 

1530 

289 

SUMMART  of  electronically  measured  rnd  computed  datr 
FROM  HILCOXON  COMPARISON  C-D 

(PEAK  VALUES  ARE  TABULATED  FOR  VELOCITY.  ACCELERATIONS  AND  LOADS.) 


IN  - 

10) 

TEST  CONDITION 

C 

0 

S1GN1F1CAN 

RESTRAINT  HARNESS 

CONVENTIONAL 

CONVENTIONAL 

AT  957. 

NEGATIVE  G  STRAP 

NO 

YES 

CONFIDENCE 

MEAN 

ST  DEV 

MEAN 

ST  DEV 

SLED  X  ACCELERATION  (G) 

-9.47 

0.08 

-9.45 

0.07 

SLED  VELOCITY  (FT/SEC) 

-30.2 

0.17 

-30.2 

0.  15 

SEAT  X  ACCELERATION  IG) 

-9.90 

0.  1 1 

-9.  89 

0.06 

CHEST  ACCELERATION  (G) 

-X  AXIS 

-13.0 

1  .  13 

-16.2 

2.36 

M 

*1  AXIS 

11.1 

4.63 

9.78 

2.27 

RESULTANT 

16.1 

2.23 

17.3 

2.  14 

CHEST  SEVERITY  INDEX 

36.8 

8.51 

42.3 

7.12 

M 

HEAD  ACCELERATION  IG) 

-X  AXIS 

-14.3 

2.81 

-14.4 

3.75 

-Z  AXIS 

-9.26 

4.05 

-11.2 

5.54 

RESULTANT 

16.7 

3.59 

17.8 

5.42 

HEAD  SEVERITY  INDEX 

55.0 

20.4 

60.8 

22.8 

STRAP  LOAD  llBl 

TOTAL  SHOULDER  STRAPS 

621 

101 

728 

125 

* 

TOTAL  LAP  BELT 

1690 

205 

1860 

280 

M 

VERTICAL  5EAT  LOAD  (L8) 

1340 

200 

1530 

303 

tt 

■-  .v.s  .  . -.  ,s  ■- . .  ' 


TRBLE  D-3 


SUMMARY  OF  ELECTRONICALLY  MEASURED  AND  COMPUTED  DATA  ?•# 

FROM  HILCOXON  COMPARISON  A-C 

(PEAK  VALUES  ARE  TABULATED  FOR  VELOCITY.  ACCELERATIONS  AND  LORDS. 1  !  ‘ 

(N  -  15)  : 


TEST  CONDITION 
RESTRAINT  HARNESS 
NEGATIVE  G  STRAP 


SLED  X  ACCELERATION  (G) 

SLED  VELOCITY  IF T /SEC) 

SEAT  X  ACCELERATION  (G) 

CHEST  ACCELERATION  (G) 
-X  AXIS 
*2  AXIS 
RESULTANT 

CHEST  SEVERITY  INDEX 

HEAD  ACCELERATION  (G) 

-X  AXIS 
*2  AXIS 
RESULTANT 

HEAD  SEVERITY  INDEX 

STRAP  LOAD  (LB) 

TOTAL  SHOULDER  STRAPS 
TOTAL  LAP  BELT 

VERTICAL  SEAT  LOAO  (LB) 


A 

PCU-15/P 

C 

conventional 

SIGNIFICANT 

AT  95* 

sn 

NO 

MEAN 

ST  DEV 

NO 

MEAN 

ST  DEV 

CONFIDENCE 

s'"** 

•/  4 

-9.50 

0.10 

-9.45 

0.08 

h  m 

•  *  « 

-30.2 

0.19 

-30.2 

0.15 

mmd 

-9.92 

0.13 

-9.88 

0. 1 1 

PH 

-20.7 

5.35 

-12.9 

1.21 

M 

••V*. 

15.4 

4.04 

11.7 

4.90 

M 

24.5 

5.09 

16.2 

2.42 

* 

‘v^ 

66.  1 

17.9 

37.7 

8.90 

* 

-13.4 

2.56 

-14.4 

2.91 

-11.6 

3.83 

-9.17 

4.31 

K 

16.9 

3.66 

16.7 

3.53 

63.0 

16.0 

56.3 

20.7 

> 

673 

119 

607 

91 

M 

1920 

284 

1690 

178 

M 

1480 

238 

1340 

197 

M 

’  ~ 1 

••  N 


-  •  .  *  .  •  A.N 


%  .%\ 
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.Y 


*  •  *  .  *  »*  s,*  ,*  .•  '  »  '*,>  *  .k 


TABLE  D- M 


SUMMARY  CF  ELECTRONICALLY  MEASURED  AND  COMPUTED  DATA 
FROM  HILCOXON  COMPARISON  B-D 

(PEAK  VALUES  ARE  TABULATED  FOR  VELOCITY,  ACCELERATIONS  AND  LOADS.) 

(N  -  14) 


TEST  CONDITION 

B 

D 

S I  ON  1 F 1  CAN 

RESTRAINT  HARNESS 

PCU-15/P 

CONVENTIONAL 

AT  95  Z 

NEGATIVE  G  STRAP 

YES 

YES 

CONFIDENCE 

MEAN 

ST  DEV 

MEAN 

ST  DEV 

SLED  X  ACCELERATION  (G) 

-9.50 

0.09 

-9.46 

0.06 

SLED  VELOCITY  (FT/SEC) 

-30.  1 

0.22 

-30.  2 

0.12 

SEAT  X  ACCELERATION  <G) 

-9.93 

0.  1 1 

-9.90 

0.06 

CHEST  ACCELERATION  (G) 

-X  AXIS 

-22.5 

4.94 

-16.2 

2.34 

M 

*2  AXIS 

16.4 

4 . 88 

9.89 

2.44 

K 

RESULTANT 

26.2 

5.12 

17.3 

2.04 

H 

CHEST  SEVERITY  INDEX 

72.3 

19.3 

43.2 

7.25 

M 

HEAD  ACCELERATION  IG1 

-X  AXIS 

-13. 1 

3.31 

-14.7 

3.94 

*2  AXIS 

-10.6 

4.91 

-11.3 

5.97 

RESULTANT 

16.3 

4.11 

18.2 

5.57 

HEAD  SEVERITY  INDEX 

54.6 

17.8 

63.2 

22.4 

STRAP  LOAD  (LB) 

TOTAL  SHOULDER  STRAPS 

702 

95 

706 

a9 

TOTAL  LAP  BELT 

2090 

358 

1870 

29 1 

M 

NEGATIVE  G  STRAP 

136 

52 

212 

B1 

M 

VERTICAL  SEAT  LOAD  (LB) 

1530 

289 

1510 

303 

\L 


SUMMARY  OF  ELECTRONICALLY  MEASURED  AND  COMPUTED  DATA 
FROM  HILCOXON  COMPARISON  E-F 

(PERK  VALUES  ARE  TABULATED  FOR  VELOCITY.  ACCELERATIONS  AND  LORDS.) 


(N  -  16) 


TEST  CONDITION 
RESTRAINT  HARNESS 
NEGATIVE  G  STRAP 


E 

PCU-35/P 

NO 


F 

PCU-15/P 

YES 


SIGNIFICANT 
AT  95X 
CONFIDENCE 


MEAN 

ST  DEV 

MEAN 

ST  OEV 

CARRIAGE  Z  ACCELERATION  (G) 
CARRIAGE  VELOCITY  (FT/SEC) 
SEAT  Z  ACCELERATION  (G1 

9.93 

-26.2 

10.9 

0.05 

0.11 

0. 15 

9.93 

-26.3 

10.9 

0.06 

0.14 

0.21 

CHEST  ACCELERATION  (G) 

-X  AXIS 
♦X  AXIS 
+1  AXIS 

RESULTANT 

CHEST  SEVERITY  INDEX 

-1.10 

2.51 

19.5 

19.8 

37.3 

0.75 

1.55 

2.20 

2.31 

4.48 

-0.99 

2.46 

19.0 

19.3 

36.0 

0.60 

1.39 

2.24 
2.20 

4.25 

HEAD  ACCELERATION  (G) 

-X  AXIS 

AXIS 
+Z  AXIS 

RESULTANT 

HEAD  SEVERITY  INDEX 

-1.18 

3.29 

12. B 

13.3 

23.3 

0.94 

1.49 

1.37 

1.24 

1.98 

-1.29 

3.00 

12.6 

13.0 

22.2 

0.89 

1.65 

0. 89 
0.82 
1.85 

M 


M 


FREE  FALL  STRAP  LOADS  (LB! 
TOTAL  SHOULDER  STRAP 
TOTAL  LAP  BELT 

IMPACT  STRAP  LOADS  (LB) 
TOTAL  SHOULDER  STRAPS 
TOTAL  LAP  BELTS 

rncc  FALL  SEAT  LOADS  (LB) 
♦Z  AXIS 
RESULTANT 

IMPACT  SEAT  LOAOS  (LB) 

-X  AXIS 
+  Z  AXIS 
RESULTANT 


66 

23 

70 

23 

264 

66 

240 

61 

M 

108 

30 

104 

29 

110 

41 

88 

27 

M 

243 

49 

276 

70 

M 

246 

50 

279 

69 

M 

13 

16 

8 

25 

2040 

238 

1980 

246 

M 

2040 

238 

1980 

247 

M 

SUMMARY  OF  ELECTRONICALLY  MEASl.CO  AND  C0MPUTEO  DATA 
FROM  MILCOXON  COMPARISON  G-H 

IPEAK  VALUES  ARE  TABULATED  FOR  VELOCITY.  ACCELERATIONS  AND  LOADS.) 

(N  -  15) 


TEST  CONDITION 

G 

H 

SIGNIFICANT 

RESTRAINT  HARNESS 

CONVENTIONAL 

CONVENTIONAL 

AT  957. 

NEGATIVE  G  STRAP 

NO 

YES 

CONFIDENCE 

MEAN 

ST  DEV 

MEAN 

ST  DEV 

CARRIAGE  Z  ACCELERATION  (G) 

9.97 

0.D5 

10.0 

0.05 

M 

CARRIAGE  VELOCITY  IFT/SEC) 

-26.2 

0.  12 

-26.2 

0.26 

SEAT  Z  ACCELERATION  (G) 

10.9 

0.18 

11.0 

0.15 

CHEST  ACCELERATION  (G) 

-X  AXIS 

-0.71 

0.50 

-0.78 

0.60 

♦X  AXIS 

2.67 

1.03 

2.66 

0.94 

+Z  AXIS 

16.3 

1.89 

14.9 

1.05 

* 

RESULTANT 

16.5 

1.B5 

15.2 

1.04 

M 

CHEST  SEVERITY  INDEX 

30.1 

1.99 

27.3 

2.08 

M 

HERO  ACCELERATION  IG) 

-X  AXIS 

-1.36 

0.96 

-1.73 

1.06 

♦  X  AXIS 

3.06 

1.34 

2.85 

1.03 

♦Z  AXIS 

12.3 

0.B9 

11.6 

1.03 

M 

RESULTANT 

12. B 

0.88 

12.0 

0.90 

M 

HEAD  SEVERITY  INDEX 

23.0 

3.46 

20.2 

1.75 

M 

FREE  FALL  STRAP  LOADS  (LB) 

TOTAL  SHOULDER  STRAP 

93 

31 

134 

45 

M 

TOTAL  LAP  BELT 

IMPACT  STRAP  LOADS  (LB) 

315 

95 

270 

62 

TOTAL  SHOULDER  STRAPS 

74 

37 

3B 

46 

K 

TOTAL  LHP  BELTS 

126 

40 

85 

24 

M 

FREE  FALL  SEAT  LOADS  (LB) 

♦Z  AXIS 

270 

82 

407 

107 

M 

RESULTANT 

IMPACT  SEAT  LOADS  (LB) 

272 

82 

408 

107 

M 

-X  AXIS 

-60 

24 

-58 

21 

+Z  AXIS 

1B90 

222 

1780 

236 

M 

RESULTANT 

1690 

222 

1780 

237 

M 

TABLE  D-7 


SUMMARY  OF  ELECTRONICALLY  MEASURED  AND  COMPUTED  DATA 
FROM  HILCOXON  COMPARISON  E-G 

(PEAK  VALUES  ARE  TABULATED  FOR  VELOCITY.  ACCELERATIONS  AND  LOADS.) 

(N  -  14) 


TEST  CONDITION 

E 

G 

SIGNIFICANT 

RESTRAINT  HARNESS 

PCU-15/P 

CONVENTIONAL 

AT  95 X 

NEGATIVE  G  STRAP 

NO 

NO 

CONFIDENCE 

MEAN 

ST  DEV 

MEAN 

ST  DEV 

CARRIAGE  Z  ACCELERATION  (G) 

9.92 

0.05 

9.96 

0.05 

H 

CARRIAGE  VELOCITY  (FT/SEC) 

-26.2 

0.12 

-26.2 

0.12 

SEAT  Z  ACCELERATION  (G) 

10.9 

0.16 

ID. 8 

0.16 

CHEST  ACCELERATION  (G) 

-X  AXIS 

-1.13 

0.79 

-0.71 

0.52 

+X  RXIS 

2.55 

1.59 

2.6B 

1.07 

♦Z  AXIS 

19.7 

2.24 

16.3 

1.94 

M 

RESULTANT 

19.9 

2.13 

16.6 

1.89 

M 

CHEST  SEVERITY  INDEX 

37.6 

4.47 

30.1 

2.06 

K 

HEAD  ACCELERATION  (G) 

-X  AXIS 

-1.14 

0.89 

-1.41 

0.98 

♦X  AXIS 

3.34 

1.45 

3.08 

1.39 

*2  AXIS 

12.8 

1.42 

12.4 

0.92 

RESULTANT 

13.3 

1.30 

12.8 

0.90 

HEAD  SEVERITY  INDEX 

23.4 

2.10 

23.2 

3.52 

FREE  FALL  STRAP  LOADS  (LB) 

TOTAL  SHOULDER  STRAP 

64 

21 

92 

31 

N 

TOTAL  LAP  BELT 

IMPACT  STRAP  LOADS  (LB) 

256 

65 

318 

97 

M 

TOTAL  SHOULDER  STRAPS 

106 

31 

69 

33 

M 

TOTAL  LHP  BELTS 

116 

40 

124 

41 

FREE  FALL  SEAT  LOADS  (LB) 

♦Z  AXIS 

240 

51 

274 

83 

M 

RESULTANT 

IMPACT  SEAT  LOADS  (LB) 

243 

53 

275 

83 

M 

-X  AXIS 

12 

17 

9 

19 

M 

*2  AXIS 

2050 

250 

1890 

230 

M 

RESULTANT 

2050 

250 

1890 

230 

N 

TABLE  D-8 


SUNMARY  OF  ELECTRONICALLY  MEASURED  AND  COMPUTED  DATA 
FROM  HILCOXON  COMPARISON  F-H 

(PEAK  VALUES  ARE  TABULATED  FOR  VELOCITY.  ACCELERATIONS  AND  LOADS.) 

(N  -  16) 


TEST  CONO I T ION 

F 

H 

SIGNIFICANT 

RESTRAINT  HARNESS 

PCU-15/P 

CONVENTIONAL 

AT  957. 

NEGATIVE  G  STRAP 

YES 

YES 

CONFIDENCE 

MEAN 

ST  DEV 

MEAN 

ST  DEV 

CARRIAGE  Z  ACCELERATION  (G) 

9.94 

0.07 

10. 0 

0.05 

M 

CARRIAGE  VELOCITY  (FT/SEC) 

-26.3 

0.  13 

-26.2 

0.25 

X 

SEAT  Z  ACCELERATION  (G) 

10.9 

0.20 

11.0 

0.15 

CHEST  ACCELERATION  (G) 

-X  AXIS 

-0.95 

0.56 

-0.74 

0.60 

+X  AXIS 

2.54 

1.36 

2.68 

0.91 

♦Z  AXIS 

18.8 

2.55 

15. 1 

1.19 

X 

RESULTANT 

19.1 

2.51 

15.3 

1.20 

M 

CHEST  SEVERITY  INDEX 

35.5 

4.84 

27.3 

2.01 

X 

HERO  ACCELERATION  (G) 

-X  AXIS 

-1.31 

0.87 

-1.78 

1.04 

♦X  AXIS 

2.B3 

1.52 

2.72 

1.12 

+Z  AXIS 

12.5 

0.95 

11.7 

1.05 

X 

RESULTANT 

12.9 

0.87 

12. 1 

0.90 

X 

HEAD  SEVERITY  INDEX 

21.9 

1.95 

20.2 

1.70 

X 

FREE  FALL  STRAP  LOROS  (LB) 

TOTAL  SHOULDER  STRAP 

76 

31 

131 

46 

X 

TOTAL  LAP  BELT 

244 

67 

277 

66 

X 

NEGATIVE  G  STRAP 

IMPACT  STRAP  LOADS  (LB) 

80 

33 

223 

67 

X 

TOTAL  SHOULDER  STRAPS 

106 

32 

40 

45 

X 

TOTAL  LAP  BELTS 

93 

27 

82 

25 

NEGATIVE  G  STRAP 

60 

33 

101 

26 

X 

FREE  FALL  SEAT  LOADS  (LB) 

♦Z  AXIS 

279 

72 

410 

104 

X 

RESULTANT 

IMPACT  SEAT  LOADS  (LB) 

262 

71 

411 

104 

X 

-X  AXIS 

9 

26 

-57 

20 

X 

*1  AXIS 

1960 

264 

1760 

233 

X 

RESULTANT 

1960 

264 

1760 

234 

X 

HILCOXON  COMPARISON  A-B 


ANALYSIS  OF  TOTAL  LAP  BELT  LORO  (LBI 
(IMPACT  MAXIMUM  MINUS  1MMEOI ATE  PREIMPACT) 


DATA 

CONDITION  A  CONDITION  B 


SUBJ 

IMMEDIATE 
PRE IMPACT 

IMPACT 

MAXIMUM 

SUBJ 

IMMEDIATE 

PREIMPACT 

IMPACT 

MAXIMUM 

R-2 

50.19 

1596.89 

R-2 

35.97 

1684.77 

B-3 

191. 94 

2163. 14 

B-3 

144.73 

2095.40 

P-3 

118.26 

2047.72 

P-3 

78.63 

2249.54 

C-2 

59.79 

2364.02 

C-2 

28.85 

2675.66 

J-3 

222.45 

1666. 16 

J-3 

156.55 

1775.  16 

B-2 

83.81 

1967.23 

B-2 

58.31 

2690.17 

J-4 

194.52 

2271.52 

J-4 

149.98 

2433.91 

G-3 

B2.52 

2081.55 

G-3 

49.26 

2303.92 

R-3 

64.76 

2033.21 

R-3 

104.79 

1964.63 

B-l 

89.63 

1708.65 

B-l 

99.06 

1668.50 

C-l 

109.44 

2117.87 

C-l 

116.71 

2020. 19 

M-4 

76.09 

2564.78 

H-4 

88.88 

2642.44 

K-l 

122.38 

2099.22 

K-l 

121.22 

2195.75 

F-2 

141.26 

1923.34 

F-2 

81.39 

2046.09 

ANALYSIS 

A  CELL 

B  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUBJ 

VALUE 

VALUE 

(A  -  8) 

DIFFERENCE 

RANK  (NEC) 

RANK  IPOS 

R-2 

1546.70 

1648.80 

-102. 10 

5.00 

5.00 

0.00 

B-3 

1971.20 

1950.67 

20.53 

1.00 

0.00 

1.00 

P-3 

1929.46 

2170.91 

-241.45 

11.00 

11.00 

0.00 

C-2 

2304.23 

2646.81 

-342.58 

13.00 

13.00 

0.00 

J-3 

1443.71 

1618.61 

-174.90 

8.00 

8.00 

0.00 

B-2 

1883.42 

2631.86 

-748.44 

14.00 

14.00 

0.00 

J-4 

2077.00 

2283.93 

-206.93 

10.00 

10.00 

0.00 

G-3 

1999.03 

2254.66 

-255.63 

12.00 

12.00 

0.00 

R-3 

1968.45 

1859.84 

108.61 

7.00 

0.00 

7.00 

B-l 

1619.02 

1569.44 

49.58 

2.00 

0.00 

2.00 

C-l 

2008.43 

1903.48 

104.95 

6.00 

0.00 

6.00 

H-4 

2488.69 

2553.56 

-64.87 

3.00 

3.00 

0.00 

K-l 

1976.84 

2074.53 

-97.69 

4.00 

4.00 

0.00 

F-2 

1782.08 

1964.70 

-182.62 

9.00 

9.00 

0.00 

MEAN 

A:  1928.45 

STD  DEV  A: 

276.54  SUM 

OF  NEG  RANKS: 

89.00 

MEAN 

B:  2080.84 

STD  DEV  B: 

361.58  SUM 

OF  P05  RANKS: 

16.00 

THERE 

IS  A  8’/. 

INCREASE  IN 

THE  PARAMETER 

MEAN  (2«  S  0. 

05)  . 
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WILCOXON  COMPARISON  C-D 


ANALYSIS  OF  CHEST  X  ACCELERATION  (G) 
(IMPACT  MINIMUM) 


SUB  J 

C  CELL 
VALUE 

0  CELL 
VALUE 

DIFFERENCE 
(C  -  0) 

RANK  OF 
DIFFERENCE 

SIGNED 
RANK  (NEG) 

SIG 

RANK 

NED 

IPOS) 

T-l 

-12.37 

-14.78 

2.41 

6.00 

0.00 

6 

.00 

A-2 

-14.00 

-19.45 

5.45 

17.00 

0.00 

17 

.00 

J-4 

-12.39 

-16.54 

4.15 

11.50 

0.00 

1 1 

.50 

G-3 

-10.03 

-15.45 

5.42 

16.00 

0.00 

16 

.00 

B-2 

-12.57 

-14.08 

1.51 

4.00 

0.  00 

4 

.00 

E-2 

-13.75 

-17. 19 

3.44 

9.00 

0.  00 

9 

.00 

K-l 

-13.91 

-14.35 

0.44 

1.00 

0.00 

1 

.00 

W-4 

-14.31 

-18.58 

4.27 

13.00 

0.00 

13 

.00 

B-4 

-13.66 

-17.32 

3.66 

10.00 

0.00 

10 

.00 

R-3 

-12.57 

-13.62 

1.05 

3.00 

0.00 

3 

.00 

B-3 

-10. 80 

-12.49 

1.61 

5.00 

0.00 

5 

.00 

H-6 

-13.53 

-18.57 

5.04 

14.00 

0.00 

14 

.00 

C-2 

-13.83 

-19.47 

5.64 

IB. 00 

0.00 

ie 

.00 

B-l 

-14.22 

-19.56 

5.34 

15.00 

0.00 

i  - 

.00 

M13 

-13.13 

-12.26 

-0.07 

2.00 

2. CO 

O 

.00 

J-3 

-12.44 

-15.60 

3.  16 

8.00 

o.oo 

e 

.00 

F-2 

-12.67 

-15.55 

2.88 

7.00 

0.00 

7 

.00 

P-3 

-13.11 

-17.26 

4.15 

11.50 

0.00 

1  1 

.50 

MEAN  C:  -12.97 
MEAN  0:  -IS. 23 

THERE  IS  A  25 X 

STQ  DEV  C: 

STO  OEV  0: 

INCREASE  IN  THE 

1.13  SUM  0F  NEG  RANKS: 
2.36  SUM  OF  POS  RANKS: 

PARAMETER  MEAN  I2«  S  0. 

2.00 

Oil  . 

169 

.00 
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HILCOXON  COMPARISON  C-0 


ANALYSIS 

OF  CHEST 

SEVERITY 

INDEX 

(IMPACT 

MAXIMUM) 

C  CELL 

0  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNEO 

SUB  J 

VALUE 

VALUE 

(C  -  0) 

DIFFERENCE 

RANK  (NEG) 

RANK  (POS) 

T-l 

27.54 

34.36 

-6.82 

9.00 

9.00 

0.00 

R-2 

38.15 

46.90 

-8.75 

10.00 

10.00 

0.00 

J-4 

29.38 

38.51 

-9. 13 

11.00 

11.00 

0.00 

G-3 

33.  S6 

47.35 

-13.79 

16.00 

16.00 

0.00 

B-2 

36.55 

38. 16 

-1.61 

2.00 

2.00 

0.00 

E-2 

38. 16 

42.02 

-3.86 

6.00 

6.00 

0.00 

K-l 

36.48 

47.53 

-11.05 

13.00 

13.00 

0.00 

M->4 

41.65 

51.22 

-9.57 

12.00 

12.00 

0.00 

B-4 

32.05 

37.90 

-5.85 

8.00 

8.00 

0.00 

R-3 

29.07 

32.56 

-3.49 

5.00 

5.00 

0.00 

B-3 

32. 19 

35.23 

-3.04 

4.00 

4.00 

0.00 

H-6 

30.55 

45.42 

-14.87 

17.00 

17.00 

0.00 

C-2 

49.58 

48.73 

0.85 

1.00 

0.00 

1.00 

B-l 

36.21 

52.36 

-16. 15 

18.00 

18.00 

0.00 

Ml  3 

33.  16 

30.57 

2.59 

3.00 

0.00 

3.00 

J-3 

29.32 

41.25 

-11.93 

14.00 

14.00 

0.00 

F-2 

49.85 

37.23 

12.62 

15.00 

0.00 

15.00 

P-3 

59.31 

53.86 

5.45 

7.00 

0.00 

7.00 

MEAN  C: 

36.82 

ST0 

OEV  C: 

8.51  SUM 

OF  NEC  RANKS: 

145.00 

MEAN  0: 

42.29 

STD 

DEV  D: 

7.12  SUM 

OF  POS  RANKS: 

26.00 

THERE  IS  P  IS •/.  INCRERSE  IN  THE  PRRPMETER  NEPN  12«  s  O.Ol). 
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WILCOXON  COMPARISON  C-0 


80. 

,55 

808. 

34 

22. 

,66 

713. 

84 

79. 

,28 

701. 

35 

42. 

,96 

687. 

60 

47. 

22 

831. 

99 

50. 

,19 

837. 

17 

28. 

,07 

914. 

00 

13. 

.40 

807. 

34 

0. 

,20 

920. 

25 

75. 

,30 

741. 

02 

63. 

,55 

636. 

51 

26. 

,24 

991 . 

26 

21. 

,40 

808. 

09 

33. 

,86 

710. 

89 

102. 

,  14 

639. 

73 

40. 

,99 

655. 

89 

59. 

,98 

639. 

58 

40. 

,03 

879. 

64 

.  T-l 

585.56 

727.79 

-142.23 

;  r-2 

686.90 

691.18 

-4.28 

S  J-4 

553.49 

622.07 

-68.58 

G-3 

615.24 

644.64 

-29.40 

1  B-2 

696.42 

784.77 

-88.35 

\  E-2 

639.86 

786.90 

-147. 12 

K-l 

581.94 

885.93 

-303.99 

\  H-4 

622.38 

793.94 

-171.56 

s  8-4 

852.08 

920.05 

-67.97 

i  R-3 

557.77 

665. 72 

-107.95 

'  8-3 

513.40 

572.96 

-59.56 

,  H-6 

760.71 

965.02 

-204.31 

1  C-2 

701.56 

786.69 

-95.13 

1  8-1 

523.48 

677.03 

-153.55 

Ml  3 

543.  15 

537.59 

5.56 

J-3 

474.54 

614.90 

-140.36 

*  F-2 

526.  11 

579.60 

-53.49 

P-3 

742.  10 

839.61 

-97.51 

MEHN  C:  620.93  STO  OEV  C:  101.03 
MEf^N  0:  727.58  STO  OEV  0:  125.10 


SUM  OF  NEG  RANKS:  169.00 
SUM  OF  PCS  RANKS:  - 


THERE  IS  R  17Z  INCREASE  IN  THE  PARAMETER  MEAN  I2«  i  0.01) 


M1LC0XON  COMPARISON  C-0 


ANALTS I 5  OF  TOTAL  LAP  BELT  LORO  (LSI 


(IMPACT  MAXIMUM  MINUS  IMMEOIATE  PREIMPACTI 


CONDITION  C 


IMMEOIATE 
SUB J  PRE IMPACT 

T- 1  249.39 

R-2  48.59 

244.60 
115.91 
88.62 
103.49 
183.72 
131.22 
103.59 
193.53 
263.19 
101.28 
40.88 
99.83 
103.57 
170.63 
136.94 
105.98 


ANALYSIS 


IMPACT 

MAXIMUM 

1523.93 

1622.64 

1955.57 

1674.31 

1749. 18 
2044.97 
2010.21 
2108.26 
1982.29 

1600.37 

1929. 19 
1921.39 
2010.59 
1637. 36 

1697.38 
1833.51 

1629.38 
2041.69 


C  CELL 
VALUE 


1274.54 

1574.05 

1710.97 

1558.40 

1660.56 

1941.48 

1826.49 
1977.04 

1878.70 
1406.84 
1666.00 
1820.11 

1969.71 
1537.53 
1593.81 
1562.88 
1492.44 

1335.71 


D  CELL 
VALUE 


1599.32 

1686.29 
2086.88 
2043.45 
1661.17 
1940.10 
1948.69 
24C2.03 

1945.95 
1411.40 

1739.56 

1981.96 
2188. 78 
1726.67 
1410.50 

1819.30 

1565.57 
2243.49 


CONDITION  0 


IMMEDIATE 
SUB J  PREIMPACT 

113.58 
41.59 
173.35 
57.41 
80.09 
86.  37 
62.05 
25.46 
0.63 
131.57 
174.73 
50.52 
33.31 
54.75 
198.83 
94.  19 
110. 12 
69.85 


IMPACT 

MAXIMUM 

1712.90 

1727.88 

2260.23 

2100.86 

1741.26 

2026.47 
2010.74 
2427.49 
1946.58 
1542.97 
1914.29 

2032.48 
2222.09 
1781.42 

1609.33 

1913.49 
1675.69 

2313.34 


DIFFERENCE 
(C  -  01 


-324. 78 
-112.24 
-375.91 
-485.05 
-0.61 
1.38 
-122.20 
-424.99 
-67.25 
-4.56 
-73.56 
-161.85 
-219.07 
-189.14 
133.31 
-156.42 
-73. 13 
-307.78 


RPNK  OF 
DIFFERENCE 


SIGNED 
RANK  (NEGI 

15.00 

7.00 

16.00 

18.00 

1.00 


17.00 
4.00 
3.00 
6.00 
1C. 00 
13.00 
12.00 
0.00 
S.00 
5.00 
14.00 


MEAN  C:  1593.74  STO  OEV  C:  204.77 
MEAN  0:  1855.62  STO  OEV  0:  279.90 


SUM  OF  NEC  RANKS:  158.00 
SUM  OF  P35  RANK5:  - 


THERE  IS  A  10X  INCREASE  IN  THE  PARAMETER  MEAN  12“  s  0.011. 


SIGNED 
RANK  IP0S1 

0.00 
0.00 
0.00 
0.00 
0.00 
2.00 
0.00 
0.00 
0.00 
0.00 
0. 00 
0.00 
0.00 
0.00 
11.00 
0.00 
0.00 
0.00 


■V?AV.V>.d 


r  V*. 


MEAN  Cs  1335.145 
MEAN  □:  1528.84 


STD  DEV  Cs  200.44  SUM  OF  NEC  RANKS:  168.00 
STO  OEV  D:  302.76  SUM  OF  POS  RANKS:  - 


THERE  IS  A  143C  INCREASE  IN  THE  PARAMETER  MEAN  (2«  S  0.01) 


M1LC0X0N  COHPAR I  SON  A-C 


ANALYSIS  OF  CHEST  RESULTANT  ACCELERATION  (G) 
(INPACT  HAXIMUN) 


A  CELL 

C  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUBJ 

VALUE 

VALUE 

(A  -  C) 

DIFFERENCE 

RANK  (NEG) 

RANK  (POS) 

R-2 

19.45 

15.94 

3.51 

3.0U 

0.00 

3.00 

B-3 

20.53 

13.79 

6.74 

7.00 

0.00 

7.00 

P-3 

27.97 

22.56 

5.41 

5.00 

0.00 

5.00 

C-2 

29.39 

16.66 

10.73 

11.00 

0.00 

11.00 

J-3 

18.63 

14.70 

3.93 

4.00 

0.00 

4.00 

B-2 

25.84 

14.94 

10.90 

12.00 

0.00 

12.00 

J-4 

20.42 

13.75 

6.67 

6.00 

0.00 

6.00 

G-3 

23.87 

15.62 

8.25 

9.00 

0.00 

9.00 

H13 

17.77 

14.99 

2.78 

2.00 

0.00 

2.00 

A-3 

23.12 

14.34 

8.  78 

10.00 

0.00 

10.00 

8-1 

28.51 

15.77 

12.74 

13.00 

0.00 

13.00 

H-6 

15.46 

16.61 

14.00 

0.00 

14.00 

W-4 

34.74 

16.64 

18.  10 

15.00 

0.00 

15.00 

K-l 

23.86 

15.91 

7.95 

8.00 

0.00 

8.00 

F-2 

21.84 

19.89 

1.95 

1.00 

0.00 

1.00 

HE AN  A: 

24.53 

STO 

OEV  A: 

5.09  SUM 

OF  NEu  RRNKS: 

0.00 

KEAN  C: 

16.20 

STO 

OEV  C: 

2.42  SUM 

OF  POS  RANKS: 

120.00 

THERE  IS 

A  sr/. 

INCREASE  IN 

THE  PARAMETER 

MEAN  (2«  S  0. 

01)  . 

NILCOXON 

COMPARISON  l 

A-C 

ANALYSIS 

OF  CHEST  SEVERITY  : 

INDEX 

(IMPACT  1 

MAXIMUM) 

A  CELL 

C  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUBJ 

VALUE 

VALUE 

CA  -  C) 

DIFFERENCE 

RANK  (NEG) 

RANK  IPOS) 

R-2 

63.87 

38.15 

25.72 

9.00 

0.00 

9.00 

B-3 

53.22 

32.19 

21.03 

6.00 

0.00 

6.00 

P-3 

72.12 

59.31 

12.81 

2.00 

0.00 

2.00 

C-2 

84.25 

49.58 

34.67 

11.00 

0.00 

11.00 

J-3 

44.88 

29.32 

15.56 

4.00 

0.00 

4.00 

B-2 

70.41 

36.55 

33.86 

10.00 

0.00 

10.00 

J-4 

48.50 

29.38 

19. 12 

5.00 

0.00 

5.00 

G-3 

56.84 

33.56 

23.28 

8.00 

0.00 

8.00 

M13 

46.26 

33. 16 

13.  10 

3.00 

0.00 

3.00 

R-3 

64.13 

29.07 

35.06 

12.00 

0.00 

12.00 

B-l 

77.69 

36.21 

41.48 

13.00 

0.00 

13.00 

H-6 

107.51 

76.96 

15.00 

0.00 

15.00 

N-4 

90.81 

41.65 

49. 16 

14.00 

0.00 

14.00 

K-l 

58.69 

36.48 

22.21 

7.00 

0.00 

7.00 

F-2 

52.70 

49.85 

2.85 

1.00 

0.00 

1.00 

MEAN  A: 

66.13 

STO 

OEV  A: 

17.91  SUM 

OF  NEG  RANKS: 

0.00 

MEAN  Ct 

37.67 

STO 

OEV  Cs 

8.90  SUM 

OF  POS  RANKS: 

120.00 

THERE  IS  A  75X  INCREASE  IN  THE  PARAHETEA  HERN  (2«  *  O.Ol). 


WILC3X0N  COMPARISON  A-C 


ANALTSIS  OF  HERD  Z  ACCELERATION  (Gl 
( I MP AC  r  MIN! MUM  I 


A  CELL 

C  CELL 

DIFFERENCE 

rank  OF 

S1GNE0 

SIGNEO 

SU0J 

VALUE 

VALUE 

1A  -  Cl 

DIFFERENCE 

RANK  (NEG) 

RANK  IPO 

R-2 

-13.34 

-15.07 

1.73 

4.00 

0.00 

4.00 

B-  3 

-6.33 

-5.42 

-0.91 

1 . 00 

1.00 

0.00 

P-3 

-12. 3B 

-10.47 

-1.91 

5.00 

5.00 

0.00 

C-2 

-14.02 

-11.99 

-2.03 

7.00 

7.00 

0.00 

J-3 

-14.98 

-11.09 

-3.89 

10.00 

10.00 

0.00 

B-2 

-12.12 

-10. 79 

-1.33 

3.00 

3.00 

0.30 

J-4 

-2.75 

-0.  36 

-2.39 

8.00 

8.00 

0.00 

G-3 

-11.88 

-10.67 

-1.21 

2.00 

2.00 

0.00 

M13 

-14.44 

-12.42 

-2.02 

6.03 

6.00 

0.00 

fl-3 

-11.20 

-5.42 

-5.78 

12.00 

12.00 

0.00 

B-l 

-17.90 

-13.66 

-4.24 

1 1  .GO 

11. CO 

0 .  GO 

H-6 

-9.88 

-3.13 

-6.75 

14.00 

14.00 

0.03 

W-4 

-14.34 

-6.56 

-7.78 

15.00 

IS. 00 

C.00 

K-  I 

-10.27 

-5.  74 

-3.53 

9.00 

9.00 

0.03 

F-2 

-7.42 

-13.83 

6.41 

12.00 

0.00 

13.00 

MEAN  A: 

-11.55 

ST9  CEV  A: 

3.83  SUM 

OF  NEG  RANKS: 

103.00 

MEAN  C: 

-9.1  7 

STD  OE V  C: 

4.31  SUM 

OF  POS  RANKS: 

17.00 

THERE  IS 

A  267. 

INCREASE  IN 

the  parameter 

MEAN  i 2«  s  0. 

021  . 

WILC0XON  COMPARISON  A-C 


ANALYSIS  OF  TOTAL  SHOULDER  STRAP  LOAD  (LB) 
(IMPACT  MAXIMUM  MINUS  IMMEDIATE  PREIMPACT) 
DATA 


CONDITION  A  CONDITION  C 


SUBJ 

IMMEDIATE 

PREIMPACT 

IMPACT 

MAXIMUM 

SUBJ 

IMMEDIATE 

PREIMPACT 

IMPACT 

MAXIMUM 

R-2 

33.54 

772.71 

R-2 

21.37 

708.27 

B-3 

21.76 

688.17 

B-3 

64.  76 

578.  16 

P-3 

63.05 

795.02 

P-3 

32.78 

774.88 

C-2 

31.11 

832.41 

C-2 

21.53 

723.09 

J-3 

49.59 

537.20 

J-3 

59.02 

533.56 

B-2 

63.13 

753.02 

B-2 

35.01 

731.43 

J-4 

66.09 

570.72 

J-4 

95.67 

649.16 

G-3 

36.59 

700.31 

G-3 

48.32 

663.56 

M13 

48.88 

679.60 

Ml  3 

24.04 

567.  19 

R-3 

41.49 

757.25 

R-3 

74.36 

632.13 

8-1 

24.99 

595.02 

8-1 

35.  10 

558.58 

H-6 

35.  17 

969.05 

H-6 

38.96 

799.67 

W-4 

39.88 

734.85 

N-4 

58.  35 

680. 73 

K-l 

41.31 

788.76 

K-l 

37.26 

619.20 

F-2 

59.48 

579.89 

F-2 

52.60 

578. 71 

ANALYSIS 

A  CELL 

C  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNEO 

SUBJ 

VALUE 

VALUE 

(A  -  C) 

DIFFERENCE 

RANK  (NEG) 

RANK  (POS) 

R-2 

739.17 

686.90 

52.27 

8.00 

0.00 

8.00 

B-3 

666.41 

513.40 

153.01 

12.00 

0.00 

12.00 

P-3 

731.97 

742. 10 

-10.  13 

3.00 

3.00 

0.00 

C-2 

801.30 

701.56 

99.74 

11.00 

0.00 

11.00 

J-3 

487.61 

474.54 

13.07 

4.00 

0.00 

4.00 

B-2 

689.89 

696.42 

-6.53 

2.00 

2.00 

0.00 

J-4 

504.63 

553.49 

-48.86 

7.00 

7.00 

0.00 

G-3 

663.72 

615.24 

48.48 

6.00 

0.00 

6.00 

M13 

630.72 

543. 15 

87.57 

10.00 

0.00 

10.00 

R-3 

715.76 

557.77 

157.99 

13.00 

0.00 

13.00 

8-1 

570.03 

523.48 

46.55 

5.00 

0.00 

5.00 

H-6 

933.88 

760. 71 

173.17 

15.00 

0.00 

15.00 

H-4 

694.97 

622.38 

72.59 

9.00 

0.00 

9.00 

K-l 

747.45 

581.94 

165.51 

14.00 

0.00 

14.00 

F-2 

520.41 

526.11 

-5.70 

1.00 

1.00 

0.00 

MEAN 

A: 

673. 19 

STO 

OEV  A; 

119. 

23  SUM 

OF  NEG  RANKS: 

13.00 

MEAN 

C: 

606.61 

STD 

OEV  C: 

90. 

76  SUM 

OF  POS  RANKS: 

107.00 

THERE  IS  A  m  INCREASE  IN  THE  PARAMETER  MEAN  I2«  S  O.Ol) 


WILCOXON  C0MPAR I  SOM  A-C 


ANALYSIS  OF  TOTAL  LAP  BELT  LOAO  (LB) 
(IMPACT  MAXIMUM  MINUS  IMMEDIATE  PREIMPACT) 
OATA 


CONDITION  A 


CONDITION  C 


SUBJ 

IMMEDIATE 

PREIMPACT 

IMPACT 

MAXIMUM 

SUBJ 

IMMEDIATE 

PREIMPACT 

IMPACT 

MRXIMUM 

R-2 

50.19 

1596.89 

R-2 

48.59 

1622.64 

B-3 

191.94 

2163.14 

B-3 

263. 19 

1929.19 

P-3 

116.26 

2047.72 

P-3 

105.98 

2041.69 

C-2 

59.79 

2364.02 

C-2 

40.88 

2010.59 

J-3 

222.45 

1666.16 

J-3 

170.63 

1833.51 

B-2 

83.81 

1967.23 

8-2 

88.62 

1749.18 

J-4 

194.52 

2271.52 

J-4 

244.60 

1955.57 

G-3 

82.52 

2081.55 

G-3 

115.91 

1674.31 

M13 

151.52 

1792.71 

Ml  3 

103.57 

1697.38 

R-3 

64.76 

2033.21 

R-3 

193.53 

1600.37 

B-l 

89.63 

1708.65 

8-1 

99.83 

1637.36 

H-6 

61.29 

2239.19 

H-6 

101.28 

1921.39 

H-4 

76.09 

2564.78 

H-4 

131.22 

2108.26 

K-l 

122.38 

2099.22 

K-l 

183.72 

2010.21 

F-2 

141.26 

1923.34 

F-2 

136.94 

1629.38 

ANALYSIS 

A  CELL 

C  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUBJ 

VALUE 

VALUE 

(A  -  C) 

DIFFERENCE 

RANK  (NEG) 

RANK  (POS) 

R-2 

1546.70 

1574.05 

-27.35 

2.00 

2.00 

0.00 

B-3 

1971.20 

1666.00 

305.20 

9.00 

0.00 

9.00 

P-3 

1929.46 

1935.71 

-6.25 

1.00 

1.00 

0.00 

C-2 

2304.23 

1969.71 

334.52 

10.00 

0.00 

10.00 

J-3 

1443.71 

1662.88 

-219.17 

6.00 

6.00 

0.00 

B-2 

1883.42 

1660.56 

222.86 

7.00 

0.00 

7.00 

J-4 

2077.00 

1710.97 

366.03 

12.00 

0.00 

12.00 

G-3 

1999.03 

1558.40 

440.63 

13.00 

0.00 

13.00 

M13 

1641.19 

1593.81 

47.38 

3.00 

0.00 

3.00 

R-3 

1968.45 

1406.84 

561.61 

15.00 

0.00 

15.00 

B-l 

1619.02 

1537.53 

81.49 

4.00 

0.00 

4.00 

H-6 

2177.90 

1820.11 

357.79 

11.00 

0.00 

11.00 

H-4 

2488.69 

1977.04 

511.65 

14.00 

0.00 

14.00 

K-l 

1976.84 

1826.49 

150.35 

5.00 

0.00 

5.00 

F-2 

1762.08 

1492.44 

289.64 

8.00 

0.00 

8.00 

MEAN 

A: 

1920.59 

STO  DEV  A: 

284.31  SUM 

OF  NEG  RANKS: 

9.00 

MEAN 

C: 

1692.84 

STO  DEV  C: 

177.59  SUM 

OF  POS  RANKS: 

111.00 

THERE  IS  A  14Z  INCREASE  IN  THE  PARAMETER  MEAN  I2M  0 


r 


N1LCOX0N  COMPARISON  R-C 


ANALYSIS  OF  VERTICAL  SEAT  LOAO 

(IMPACT  MAXIMUM  MINUS  IMMEDIATE  PREIMPACTI 

ORTA 


CONDITION  A  CONDITION  C 


SUBJ 

IMMEDIATE 

PREIMPACT 

IMPACT 

MAXIMUM 

SUBJ 

IMMEOIRTE 

PREIMPACT 

IMPACT 

MRXIMUM 

R-2 

136. IN 

1346.30 

R-2 

145.57 

1338.94 

0-3 

282.06 

1926.48 

0-3 

312.28 

1796.01 

P-3 

231. 48 

1756.25 

P-3 

236. 4CT 

1724.45 

C-2 

186.48 

1894.57 

C-2 

171.27 

1619.89 

J-3 

272.59 

1579.27 

J-3 

226.  10 

1529.82 

0-2 

205.77 

1774.46 

B-2 

216.76 

1547.87 

J-4 

302.92 

2091.06 

J-4 

323.29 

1790.72 

G-3 

180.96 

1568.66 

G-3 

187.86 

1318.46 

Ml  3 

206.42 

1407.50 

Ml  3 

183.93 

1230.52 

R-3 

154.48 

1459.78 

R-3 

215.51 

1287.31 

0-1 

152.24 

1322.22 

0-1 

172.67 

1390.38 

H-6 

189.00 

1704.56 

H-6 

206.85 

1740.07 

W-4 

213. 15 

2177.06 

W-4 

237.16 

1942.63 

K-l 

190.91 

1761.99 

K-l 

244.50 

1724.25 

F-2 

19S.40 

1483.20 

F-2 

180.97 

1313.41 

ANALTSIS 

A  CELL 

C  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUBJ 

VALUE 

VALUE 

(A  -  Cl 

DIFFERENCE 

RANK  (NEG) 

RRNK  IPOS) 

R-2 

1210. 16 

1193.37 

16.79 

2.00 

0.00 

B-3 

1643.62 

1483.73 

159.89 

9.00 

0.00 

9.00 

P-3 

1524.77 

1488.05 

36.72 

3.00 

0.00 

3.00 

C-2 

1708.09 

1448.62 

259.47 

14.00 

0.00 

14.00 

J-3 

1306.68 

1303.72 

2.96 

1.00 

0.00 

1.00 

8-2 

1568.69 

1331.11 

237.58 

11.00 

0.00 

11.00 

J-4 

1788.14 

1467.43 

320.71 

15.00 

0.00 

15.00 

G-3 

1387.70 

1130.60 

257.10 

12.00 

0.00 

12.00 

Ml  3 

1201.08 

1046.59 

154.49 

7.00 

0.00 

7.00 

R-3 

1305.30 

1071.80 

233.50 

10.00 

0.00 

10.00 

8-1 

1169.98 

1217.71 

-47.73 

4.00 

4.00 

0.00 

H-6 

1595. 48 

1533.22 

62.26 

5.00 

0.00 

5.00 

H-4 

1964.71 

1705.47 

259.24 

13.00 

0.00 

13.00 

K-l 

1571.00 

1479.75 

91.33 

6.00 

0.00 

6.00 

F-2 

1287.72 

1132.44 

155.28 

8.00 

0.00 

8.00 

MEAN 

A:  1482.21 

STO  DEV  Ai 

237.98  SUM 

OF  NEG  RANKS: 

4.00 

MEAN 

C:  1335.57 

STO  OEV  C: 

197.04  SUM 

OF  POS  RANKS: 

116.00 

THERE  IS  A  10JC  INCREASE  IN  THE  PARAMETER  MEAN  (2«  s  O.Ol). 


313 


A  -  . 


v  _y 


u  *»  lS  • 


MEAN  B: 
HERN  0: 


26.22 

17.31 


STD  DEV  B: 
STO  DEV  0: 


SUM  OF  MEG  RANKS: 
SUM  OF  POS  RRNKS: 


105.00 


THERE  IS  R  5 1 X  INCREASE  IN  THE  PARAMETER  MERN  I2«  5  D.D1). 


HILCOXON  COMPARISON  B-0 


ANALYSIS  OF  CHEST  SEVERITY  INDEX 


(IMPACT  MflXIMUMI 


SUB  J 

B  CELL 
VALUE 

0  CELL 
VALUE 

OIFFERENC 
IB  -  0) 

J-3 

48.08 

41.25 

6.83 

R-3 

63.  SI 

32.56 

30.95 

F-2 

58.31 

37.23 

21.08 

R-2 

88.87 

46. 9Q 

41.97 

B-l 

58.55 

52.36 

6.  19 

K-l 

65.17 

47.53 

17.64 

C-2 

111.68 

48.73 

62.95 

G-3 

64.  76 

47.35 

17.41 

B-3 

63.71 

35.23 

28.48 

T-l 

86.44 

34.36 

52.08 

B-2 

99.33 

38. 16 

61.17 

J-4 

P-3 

M-4 

57.86 

54.37 

91.00 

38.51 

53,86 

51.22 

19.35 

0.51 

39.78 

RANK  OF  SIGNEO 

DIFFERENCE  RRNK  INEG) 


5IGNED 
RANK  (POS) 


3.00 
9.00 
7. 00 
11.00 
2.00 
5.00 
14.00 
4.00 
8.00 
12.00 
13.00 


3.00 

9.00 

7.00 

11.00 

2.00 

5.00 

14.00 

4.00 

0.00 

12.00 

13.00 


MEAN  8: 
MEAN  0: 


72.26  STO  DEV  8: 
43.23  STO  DEV  D: 


19.35 

7.25 


SUM  OF  NEG  RANKS: 
SUM  OF  POS  RANKS: 


105.00 


HERE  IS  A  67*  INCREASE  IN  THE  PARAMETER  MEAN  I2<*  S  0.011. 


/  f  /  ••  /  .* 


IMMEDIATE 

IMPACT 

IMMEDIATE 

IMPACT 

SUBJ 

PREIMPACT 

MAXIMUM 

SUBJ 

PREIMPACT 

MAXIMUM 

J-3 

156.55 

1775.16 

J-3 

94.19 

1913.49 

R-3 

104.79 

1964.63 

R-3 

131.57 

1542.97 

F-2 

81.39 

2046.09 

F-2 

110. 12 

1675.69 

R-2 

35.97 

1684.77 

R-2 

41.59 

1727.88 

8-1 

99.06 

1668.50 

0-1 

54.75 

1781.42 

K-l 

121.22 

2195.75 

K-l 

62.05 

2010.74 

C-2 

26.85 

2675.66 

C-2 

33.31 

2222.09 

G-3 

49.26 

2303.92 

G-3 

57.41 

2100.86 

8-3 

144.73 

2095.40 

B-3 

174.73 

1914.29 

T-l 

69.48 

2158.64 

T-l 

113.58 

1712.90 

8-2 

50.31 

2690.  17 

B-2 

80.09 

1741.26 

J-4 

149.98 

2433.91 

J-4 

173.35 

2260.23 

P-3 

78.63 

2249.54 

P-3 

69.85 

2313.34 

W— *4 

88.88 

2642.44 

H-4 

25.46 

2427.49 

ANALYSIS 

8  CELL 

0  CELL 

DIFFERENCE  RANK  OF 

SUBJ 

VALUE 

VALUE 

(8 

-  0)  DIFFERENCE 

SIGNEO 


SIGNED 
RRNK  IPOS) 


HILCOXON  COMPARISON  8-0 


RNRLTSIS  OF  NEGATIVE  G  STRAP  LOAD  (LB) 
(IMPACT  MAXIMUM  MINUS  1MME01ATE  PREIMPACT) 
DATA 


CONDITION  B  CONDITION  D 


SUBJ 

IMMEDIATE 

PREIMPACT 

IMPACT 

MAXIMUM 

SUBJ 

IMMEDIATE 

PREIMPACT 

IMPACT 

MAXIMUM 

J-3 

20.02 

77.28 

J-3 

48.02 

179.80 

R-3 

2.84 

116.78 

R-3 

56.85 

203.91 

F-2 

10.29 

160.04 

F-2 

71.25 

194.38 

R-2 

2.01 

112.34 

R-2 

21.63 

257.96 

B-l 

5.47 

94.42 

B-l 

45.48 

323.91 

K-l 

23.37 

95.65 

K-l 

36.93 

255.01 

C-2 

7.46 

152.71 

C-2 

25.36 

272.61 

G-3 

9.33 

197.83 

G-3 

47.43 

245.23 

B-3 

13.90 

138.46 

8-3 

73.86 

290.00 

T-l 

11.42 

168.07 

T-l 

79.83 

267.59 

B-2 

5.82 

224.76 

8-2 

51.05 

289.64 

J-4 

22.84 

117.29 

J-4 

106.25 

237.85 

P-3 

14.54 

165.76 

P-3 

49.68 

232.54 

W-4 

31.98 

259.93 

H-4 

0.04 

437.68 

ANALTSIS 

8  CELL 

0  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUBJ 

VALUE 

VALUE 

(B  -  D) 

DIFFERENCE 

RANK  (NEG) 

RANK  (POS) 

J-3 

57.26 

131.78 

-74.52 

8.00 

8.00 

0.00 

R-3 

113.94 

147.06 

-33.12 

6.00 

6.00 

0.00 

F-2 

149.75 

123.13 

26.62 

3.00 

0.00 

3.00 

R-2 

110.33 

236.33 

-126.00 

11.00 

11.00 

0.00 

B-l 

88.95 

278.43 

-189.48 

13.00 

13.00 

0.00 

K-l 

72.28 

218.08 

-145.80 

12.00 

12.00 

0.00 

C-2 

145.25 

247.25 

-102.00 

10.00 

10.00 

0.00 

G-3 

188.50 

197.80 

-9.30 

1.00 

1.00 

0.00 

B-3 

124.56 

216.14 

-91.58 

9.00 

9.00 

0.00 

T-l 

156.65 

187.76 

-31.11 

4.00 

4.00 

0.00 

B-2 

218.94 

238.59 

-19.65 

2.00 

2.00 

0.00 

J-4 

94.45 

131.60 

-37. 15 

7.00 

7.00 

0.00 

P-3 

151.22 

182.86 

-31.64 

5.00 

5.00 

0.00 

H-4 

227.95 

437.64 

-209.69 

14.00 

14.00 

0.00 

MEAN 

8: 

135.72 

STO 

OEV  Bt 

51.51  SUM 

OF  NEG  RANKS: 

102.00 

MEAN 

0: 

212.46 

STD 

OEV  0* 

80.66  SUM 

OF  POS  RRNKS: 

3.00 

THERE  IS  A  56X  INCREASE  IN  THE  PARAMETER  MEAN  I2«  S  O.Ol). 


MILCOXON  COMPARISON  E-F 


ANALYSIS  OF  CARRIAGE  VELOCITY  (FT/SECI 
(IMPACT  MINIMUM] 


E  CELL 

F  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUBJ 

VALUE 

VALUE 

(E  -  FI 

DIFFERENCE 

RANK  (NEG) 

RANK  (POS) 

H-6 

-26.03 

-26.37 

0.34 

13.00 

0.00 

13.00 

B-l 

-25.94 

-26.42 

0.48 

15.00 

0.00 

15.00 

P-3 

-26.31 

-26.25 

-0.06 

6.00 

6.00 

0.00 

H-4 

-26.15 

-26.34 

0.19 

11.00 

0.00 

11.00 

C-2 

-26.26 

-26.39 

0. 13 

9.00 

0.00 

9.00 

B-3 

-26.17 

-26.28 

0.11 

7.50 

0.00 

7.50 

M13 

-26.23 

-26.48 

0.25 

12.00 

0.00 

12.00 

J-4 

-26.25 

-26.26 

1.00 

0.00 

1.00 

N-3 

-26.31 

-26.36 

0.05 

4.50 

0.00 

4.50 

R-3 

-26.21 

-26.32 

0.11 

7.50 

0.00 

7.50 

K-l 

-26.36 

-26.23 

-0.13 

10.00 

10.00 

0.00 

S-6 

-26.25 

-26.27 

0.02 

2.50 

0.00 

2.50 

R-2 

-26.36 

-26.76 

0.40 

14.00 

0.00 

14.00 

B-2 

-26.22 

-26.22 

0.00 

0.00 

0.00 

0.00 

C-l 

-26.27 

-26.25 

-0.02 

2.50 

2.50 

0.00 

T-l 

-26.28 

-26.23 

-0.05 

4.50 

4.50 

0.00 

MEAN  E: 

-26.23 

STD 

OEV  E: 

0.11  SUM 

OF  NEG  RANKS: 

23.00 

MEAN  F: 

-26.34 

STD 

DEV  F: 

0.14  SUM 

OF  P05  RANKS: 

97.00 

THERE  IS 

A  0.47. 

INCREASE  IN 

THE  PARAMETER 

MEAN  12“  S  0. 

05)  . 

WILCOXON 

COMPARISON  1 

E-F 

ANALYSIS 

OF  HEAD 

SEVERITY  INOEX 

(IMPACT  1 

MAXIMUM] 

E  CELL 

F  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUBJ 

VALUE 

VALUE 

IE  -  F) 

DIFFERENCE 

RANK  (NEG) 

RANK  (POS) 

H-6 

22.37 

24.02 

-1.65 

8.00 

8.00 

0.00 

B-l 

24.60 

23.44 

1.  16 

6.00 

0.00 

6.00 

P-3 

23.83 

23.19 

0.64 

3.00 

0.00 

3.00 

H-4 

22.79 

19.97 

2.82 

13.00 

0.00 

13.00 

C-2 

21.87 

22.  70 

-0.83 

4.00 

4.00 

0.00 

B-3 

21.28 

21.68 

-0.40 

1.00 

1.00 

0.00 

M13 

25.64 

20.83 

4.81 

15.00 

0.00 

15.00 

J-4 

26.48 

23.98 

2.50 

11.00 

0.00 

11.00 

N-3 

26.38 

24.49 

1 . 89 

9.00 

0.00 

9.00 

R-3 

22.69 

22.69 

0.00 

0.00 

0.00 

0.00 

K-l 

24.40 

21.39 

3.01 

14.00 

0.00 

14.00 

S-6 

19.35 

18.06 

1.29 

7.00 

0.00 

7.00 

R-2 

22.22 

22.83 

-0.61 

2.00 

2.00 

0.00 

B-2 

21.73 

19. 12 

2.61 

12.00 

0.00 

12.00 

C-l 

24.98 

23.05 

1.93 

10.00 

0.00 

10.00 

T-l 

22.30 

23.29 

-0.99 

5.00 

5.00 

0.00 

MEAN  E: 

23.31 

STD 

OEV  E: 

1.98  SUM 

OF  NEG  RANKS: 

20.00 

MEAN  F: 

22.17 

STO 

DEV  F: 

1.85  SUM 

OF  POS  RANKS: 

100.00 

THERE  IS  A  57.  INCREASE  IN  THE  PARAMETER  MEAN  12“  s  0.05). 


N1LC0X0N  COMPARISON  E-F 


ANALYSIS  OF  TOTAL  LAP  BELT  LOAD  (LB) 
(FREEFALL  MAXIMUM) 


SUBJ 

E  CELL 
VALUE 

F  CELL 
VALUE 

DIFFERENCE 
(E  -  F) 

RANK  OF 
DIFFERENCE 

SIGNED 

RANK  (NEG) 

SIGNED 
RANK  (POS) 

H-6 

222.15 

225.03 

-2.88 

2.00 

2.00 

0.00 

B- 1 

250.77 

137.48 

113.29 

16.00 

0.00 

16.00 

P-3 

360.34 

356.47 

3.87 

3.00 

0.00 

3.00 

H-4 

285.64 

236.93 

48.71 

14.00 

0.00 

14.00 

C-2 

175.56 

146.02 

29.54 

8.00 

0.00 

8.00 

B-3 

342.79 

308.79 

34.00 

9.00 

0.00 

9.00 

Ml  3 

233.87 

272.18 

-38.31 

10.00 

10.00 

0.00 

J-4 

286.68 

266.87 

19.81 

6.00 

0.00 

6.00 

M-3 

196.40 

186.67 

9.73 

5.00 

0.00 

5.00 

R-3 

285.08 

241.52 

43.56 

12.00 

0.00 

12.00 

K-l 

239.94 

237.82 

2.  12 

1.00 

0.00 

1.00 

S-6 

148.73 

177.43 

-28.70 

7.00 

7.00 

0.00 

R-2 

230.43 

224.42 

6.01 

4.00 

0.00 

4.00 

B-2 

251.26 

212.94 

38.32 

11.00 

0.00 

11.00 

C-l 

362.60 

317.98 

44.62 

13.00 

0.00 

13.00 

T-l 

352.06 

293.54 

58.52 

15.00 

0.00 

15.00 

MEAN  E 
MEAN  F 

THERE 

:  264.02 

:  240.13 

IS  A  107. 

STO  DEV  E: 
STO  OEV  F: 

INCREASE  IN 

65.71  SUM  OF  NEG  RANKS: 

61.27  SUM  OF  POS  RANKS: 

THE  PARAMETER  MEAN  I2<*  S  0. 

19.00 

01)  . 

117.00 

319 


">  V  1 


WlLCOXON  COMPARISON  E-F 


ANALYSIS  OF  VERTICAL  SEAT  LORO  (LB) 
IFREEFALL  MAXIMUM) 


E  CELL 

F  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUB  J 

VALUE 

VALUE 

IE  -  F) 

DIFFERENCE 

RANK  (NEG) 

RANK  IPO! 

H-6 

212.86 

263.73 

-50.87 

11.00 

11.00 

0.00 

B-l 

184.49 

188.80 

-4.31 

2.00 

2.00 

0.00 

P-3 

333.25 

405.88 

-72.63 

15.00 

15.00 

O.OC 

W-4 

244.02 

309. 63 

-65.61 

13.00 

13.00 

0.00 

C-2 

202.18 

208.35 

-6.  17 

4. 00 

4.00 

0.00 

B-3 

274.26 

342.07 

-67.81 

14.00 

14.00 

0.00 

Ml  3 

266.32 

261 .27 

5.05 

3.00 

O.OC 

3.00 

J-4 

283.01 

393. 14 

-110.13 

16.00 

16.00 

0.00 

W-3 

230.88 

233.65 

-2.77 

1 . 00 

0.00 

R-3 

266. S7 

239.41 

27.  16 

8.00 

8.00 

K-l 

238.22 

291.38 

-53.16 

12.00 

12.00 

0.00 

S-6 

128.98 

141.81 

-12.83 

5.00 

0.00 

R-2 

219.72 

249.51 

-29.79 

9.00 

B-2 

242.51 

267. 18 

-24.67 

7.00 

7.00 

0.00 

C-l 

302.13 

321.68 

-19.55 

6.00 

6.00 

0.00 

T-  ] 

266.00 

305.27 

-39.27 

10.00 

0.00 

MEAN  E: 

243.46 

STD  OF V  E: 

48.69  SUM 

OF  NEG  RANKS: 

125.00 

MEAN  F: 

276.42 

STD  DEV  F: 

70.11  SUM 

OF  POS  RANKS: 

11.00 

THERE  IS 

A  14V 

INCREASE  IN 

THE  PARAMETER 

MEAN  12“  <  0. 

01)  . 

WlLCOXON 

COMPARI 

SON  E-F 

ANALYSIS  OF  RESULTANT  SEAT  LORO  (LBI 
(FREEFALL  MAXIMUM) 


E  CELL 

F  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUB  J 

VALUE 

VALUE 

(E  -  F) 

DIFFERENCE 

RANK  (NEG) 

RANK  IPOS 

H-6 

212.92 

263.96 

-51.04 

11.00 

11.00 

0.00 

B-l 

184.67 

205.21 

-20. 54 

7.00 

7.00 

0.00 

P-3 

333.59 

406. 14 

-72.55 

15.00 

15.00 

0.00 

W-4 

244.82 

310.01 

-85. 19 

13.00 

13.00 

0.00 

C-2 

202.21 

708. 65 

-6.44 

2.00 

2.00 

0.00 

B-3 

279.05 

345.42 

-56.37 

14.00 

14.00 

0.00 

Ml  3 

278.93 

277.93 

.1.00 

1 . 00 

0.00 

1.00 

J-4 

285.19 

394.01 

-108.82 

16.00 

16.00 

0.00 

W-3 

243.77 

237.02 

6.  75 

3.00 

0.  00 

3.00 

R-3 

266.67 

239.42 

27.25 

8.00 

0.  00 

8.00 

K-l 

238.30 

291.45 

-53. 16 

12.00 

12.00 

0.00 

S-6 

128.98 

141.84 

-32.86 

4.00 

4.00 

0.00 

R-2 

219.83 

251.09 

-31.26 

9.00 

9.  00 

0.00 

B-2 

248.96 

269.05 

-20. 09 

6.00 

6.00 

0.00 

C-I 

305. 2 J 

322. 19 

- 1  6 . 98 

5.00 

5.00 

0.00 

T-l 

266.36 

305.28 

-38.92 

10.00 

10.00 

0.00 

MEAN  E: 

246.22 

STD  DEV  E: 

49.64  SUM 

Or  NEG  RANKS: 

124.00 

MEAN  F  : 

279.29 

STO  DEV  E  : 

68.86  SUM 

OF  POS  RANKS: 

12.  or; 

THERE  IS  A  13V.  INCREASE  IN  THE  PARAMETER  MEAN  I 2«  <  0 


ANALYSIS 


E  CELL 
VALUE 


F  CELL 
VALUE 


DIFFERENCE 
(E  -  F) 


RANK  OF  SIGNED 

DIFFERENCE  RANK  (NEC) 


SIGNED 
RANK  (P05) 


hi; 


HILC0XON 

COMPARISON  E-F 

ANALYSIS 

OF  RESULTANT  SEAT  LORO  IL8) 

(IMPACT 

MAXIMUM  MINUS  FREEFALL  MAXIMUM! 

ORTA 

CONOITION  E 

CONOITION  F 

FREEFALL  IMPACT 

SUB J  MAXIMUM  MAXIMUM  SUBJ 

FREEFALL 

MAXIMUM 

IMPACT 

MAXIMUM 

212.92 

184.67 
333.59 

244.82 
202.21 
279.05 

278.93 
285.19 
243.77 

266.67 
238.30 
128.98 

219.83 
248.96 
305.21 
266.36 


2243.68 

2074.90 
2672.54 

2411.76 

2279.91 
2360.87 
2396.52 
2548.56 
2218.85 
2126.03 

2436.76 
1525.96 
2055.78 
2655.29 
2257.82 
2339.45 


263. 

96 

2362. 

23 

205. 

21 

2026. 

29 

406. 

.  14 

2677. 

35 

310. 

,01 

2368. 

94 

208. 

65 

2102. 

25 

345. 

,42 

2343. 

73 

277. 

93 

2333. 

01 

394. 

,01 

2514. 

,05 

237. 

.02 

2199. 

,40 

239. 

,42 

2063. 

,67 

291 . 

,46 

2373. 

,88 

141. 

.84 

1531. 

.86 

251. 

.09 

2024. 

.54 

269. 

,05 

2801. 

,  73 

322. 

.  19 

2152. 

.82 

305. 

,28 

2237. 

.65 

ANALYSIS 


E  CELL 

F  CELL 

DIFFERENCE 

RANK  OF 

SIGNEO 

SIGNEO 

SUBJ 

VALUE 

VALUE 

(E  -  F) 

DIFFERENCE 

RANK  (NEC) 

RANK  (POS) 

H-6 

2030.76 

2098.27 

-67.51 

6.00 

6.00 

0.00 

8-1 

1890.23 

1821.08 

69. 15 

8.00 

0.00 

8.00 

P-3 

2338.95 

2271.21 

67.74 

7.00 

0.00 

7.00 

N-4 

2166.94 

2058.93 

108.01 

11.00 

0.00 

11.00 

C-2 

2077.70 

1973.60 

104.  10 

10.00 

0.00 

10.00 

8-3 

2081.82 

1998.31 

83.51 

9.00 

0.00 

9.00 

H13 

2117.59 

2055.08 

62.51 

5.00 

0.00 

5.00 

J-4 

2263.37 

2120.04 

143.33 

16.00 

0.00 

16.00 

M-3 

1975.08 

1962.38 

12.70 

2.00 

0.00 

2.00 

R-3 

1859.36 

1824.25 

35.11 

3.00 

0.00 

3.00 

K-I 

2198.46 

2082.42 

116.04 

12.00 

0.00 

12.00 

S-6 

1396.98 

1390.02 

6.96 

1.00 

0.00 

1.00 

R-2 

1835.95 

1773.45 

62.50 

4.00 

0.00 

4.00 

B-2 

2406.33 

2532.68 

-126.35 

14.00 

14.00 

0.00 

C-l 

1952.61 

1830.63 

121.98 

13.00 

0.00 

13.00 

T-l 

2073.09 

1932.37 

140.72 

15.00 

0.00 

15.00 

MEAN 

E: 

2041.58 

STO  OEV  E: 

237.63  SUM 

OF  NEC  RANKS 

:  20.00 

MEAN 

F: 

1982.79 

STO  OEV  F s 

246.52  SUM 

OF  POS  RANKS 

•  - 

116.00 

THERE  IS  R  3X  1NCRERSE  IN  THE  PARAMETER  HERN  (2«  i  0.02). 


WILCOXON 

COMF’RR I  SON  G-H 

ftNWLT  S I 5 

OF  CARRIAGE  AECELtZR°T  ION  (Gi 

IIMPRCT 

MAXIMUM) 

G  CELL 

H  CELL 

difference 

R3NK  OF 

SIGNED 

SIGNED 

SUBJ 

VALUE 

VRl.UE 

(G  -  H) 

DIFFERENCE 

RANK  INEG) 

RANK  IPOS) 

E-2 

10.03 

10.04 

-0.01 

2.00 

2.00 

0.00 

S-6 

10.06 

10.04 

0.  02 

8.00 

0.00 

8.00 

C-2 

10.01 

10.01 

0.00 

O.QD 

0.00 

0.00 

Ml  3 

10.01 

10.04 

-0.03 

9.00 

9.00 

G .  00 

J-4 

9.95 

9.93 

0.02 

5.50 

0.00 

5.50 

R-2 

9.94 

10.02 

-0.08 

11.00 

11.00 

0.00 

P-3 

9.90 

9.88 

0.  02 

5.50 

0.00 

5.50 

W-4 

9.92 

10.03 

-0.  1 1 

13.50 

13.50 

0.00 

B-  1 

9.92 

10.03 

-G.  1  1 

13.50 

13.50 

0.00 

H-6 

9.94 

10.03 

-0.09 

12.00 

12.00 

0.00 

K-l 

9 . 95 

9.94 

0.01 

2.00 

0.00 

2.00 

W-3 

9.95 

9.9G 

-0.01 

2.00 

2.00 

0.00 

C-l 

9.96 

3  0.00 

-0.  04 

30.00 

10.00 

0.00 

B-3 

10.02 

10.04 

-0.  02 

5.50 

5.50 

0.00 

B-2 

9.97 

9.99 

-0.  02 

5.50 

5.50 

0.00 

MEAN  G: 

9.97 

STO  DEV  0: 

0.05  SJM 

OF  NEC.  RANKS: 

84.00 

MEAN  H: 

10.00 

STD  OEV  H: 

0.05  SUM 

OF  POS  RANKS: 

21.00 

there  IS 

R  0.3V. 

INCREASE  IN 

THE  PARAMETER 

MEAN  12“  <  0. 

'j^  j  . 

WILCOXON 

COMPARISON  G-H 

ANALTSIS 

OF  CUES 

T  Z  ACCELERATION  ID: 

(IMPACT 

MAXIMUM) 

G  CELL 

H  CEU. 

difference 

RANK  OF 

SIGNED 

SIGNED 

SUBJ 

VAL  UE 

value 

IG  -  HI 

DIFFERENCE 

RANK  (NEG) 

RANK  IP35! 

E-2 

15.12 

14.61 

0.51 

5.00 

0.00 

5.00 

S-b 

21 .32 

13.  73 

8.09 

15.00 

0.00 

15.00 

C-2 

15. 4B 

14.22 

1 . 26 

1  1 . 00 

0.00 

11.00 

MI  3 

14.8  8 

15.98 

-1.10 

9. 00 

9.00 

0.00 

J-4 

16.44 

15.96 

0.48 

4.00 

0.00 

4.00 

R-2 

15.93 

13.72 

2.  18 

12.  no 

0.00 

12.00 

P-3 

16.16 

15.0R 

1 . 08 

8.00 

3.  GO 

3.0. 

W-4 

16.25 

16.07 

0.22 

2.00 

0.00 

2.00 

B-  1 

16.25 

16.21 

0.04 

1.00 

0.00 

1.00 

H-6 

17.85 

14.01 

3.84 

14.00 

0.00 

14.00 

K-l 

14.64 

15.49 

-0.  R5 

7.0D 

7.00 

0.00 

W-3 

14.16 

34.59 

-0.43 

3.00 

3.00 

0.03 

C-  I 

17.40 

14.69 

2.71 

13.  no 

0.00 

13.00 

B-3 

14.35 

13.24 

1.11 

10.00 

0.00 

10.00 

B-2 

17.08 

16.51 

0.57 

6.00 

0.00 

6.00 

ME  °N  G: 

16.25 

STO  DEV  G: 

1.89  SUM 

QF  NEC  RANKS: 

19.00 

MERN  H: 

14.94 

STD  OEV  H: 

1.05  SUM 

OF  P05  RANKS: 

— 

10 : .00 

THERE  IS 

R  9  V 

INCREASE  IN 

THE  PARAMETER 

MEAN  12“  <  0. 

02)  . 

MILCOX0N  COMPARISON  G-H 


ANALYSIS  OF  CHEST  RESULTANT  ACCELERATION 
(IMPACT  MAXIMUM) 


G  CELL 

H  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNEO 

SUBJ 

VALUE 

VALUE 

(G  -  H) 

DIFFERENCE 

RANK  (NEG) 

RANK  (POS) 

E-2 

15.32 

14.65 

0.67 

5.00 

0.00 

5.00 

S-6 

21.88 

13.76 

8.12 

15.00 

0.00 

15.00 

C-2 

15.64 

14.54 

1.10 

10.00 

0.00 

10.00 

M13 

15.03 

16. 13 

-1.10 

9.00 

9.00 

0.00 

J-4 

16.49 

16.16 

0.33 

3.00 

0.00 

3.00 

R-2 

16.11 

13.79 

2.32 

12.00 

0.00 

12.00 

P-3 

16.51 

15.66 

0.85 

6.00 

0.00 

6.00 

H-4 

16.46 

16.49 

-0.03 

1.00 

1.00 

0.00 

8-1 

16.43 

16.31 

0. 12 

2.00 

0.00 

2.00 

H-6 

18.26 

14.33 

3.93 

14.00 

0.00 

14.00 

K-l 

15.03 

15.93 

-0.90 

7.00 

7.00 

0.00 

H-3 

14.21 

14.59 

-0.38 

4.00 

4.00 

0.00 

C-l 

17.59 

15.04 

2.55 

13.00 

0.00 

13.00 

B-3 

15.20 

13.81 

1.39 

11.00 

0.00 

11.00 

B-2 

17.58 

16.58 

1.00 

8.00 

0.00 

8.00 

MEAN  G: 

16.52 

STO  OEV  G: 

1.85  SUM 

OF  NEG  RANKS: 

21.00 

MEAN  H: 

15.18 

STO  OEV  H: 

1 . 04  SUM 

OF  POS  RANKS: 

99.00 

THERE  IS 

A  97. 

INCREASE  IN 

THE  PARAMETER 

MEAN  (2«  i  0. 

05)  . 

WILCOXON 

COMPARISON  G-H 

ANALYSIS 

OF  CHEST  SEVERITY 

INDEX 

(IMPACT 

MAXIMUM) 

G  CELL 

H  CELL 

DIFFERENCE 

RANK  OF 

SIGNEO 

SIGNED 

SUBJ 

VALUE 

VALUE 

IG  -  H) 

DIFFERENCE 

RANK  (NEG) 

RANK  (POS) 

E-2 

29.99 

23.21 

6.78 

15.00 

0.00 

15.00 

S-6 

29.55 

24. 16 

5.39 

13.00 

0.00 

13.00 

C-2 

27.29 

28.24 

-0.95 

3.00 

3.00 

0.00 

M13 

28.65 

25.67 

2.98 

9.00 

0.00 

9.00 

J-4 

27.67 

30. 15 

-2.48 

6.00 

6.00 

0.00 

R-2 

31.80 

26.94 

4.86 

12.00 

0.00 

12.00 

P-3 

30.63 

28.01 

2.62 

7.00 

0.00 

7.00 

H-4 

30.09 

29.25 

0.84 

2.00 

0.00 

2.00 

B-l 

30.04 

27.87 

2.17 

5.00 

0.00 

5.00 

H-6 

33.09 

26.76 

6.33 

14.00 

0.00 

14.00 

K-l 

31.95 

30.01 

1.94 

4.00 

0.00 

4.00 

H-3 

28.29 

28.73 

-0.44 

1.00 

1.00 

0.00 

C-l 

32.64 

27.89 

4.75 

10.00 

0.00 

10.00 

B-3 

27.26 

24.60 

2.66 

8.00 

0.00 

8.00 

B-2 

32.49 

27.70 

4.78 

11.00 

0.00 

11.00 

MEAN  G: 

30. 10 

STO  OEV  G> 

1.99  SUM 

OF  NEG  RANKS: 

10.00 

MEAN  H: 

27.28 

STO  OEV  Ht 

2 . 08  SUM 

OF  POS  RANKS: 

110.00 

THERE  IS 

A  10X 

INCREASE  IN 

THE  PARAMETER 

MEAN  (2«  i  0. 

01)  . 

WILCCXGN  COMPARISON  G-M 


ANALYSIS  OF  HEAD  SEVERITY  INDEX 


UMPACT  MAXIMUMI 


G  CELL 

H  CELL 

DIFFERENCE 

RANH  OF 

SIGNED 

SIGNED 

SUB  J 

VALUE 

VALUE 

IG  -  HI 

DIFFERENCE 

RANK  (NEGI 

RANK  (POE 

E-2 

20.43 

18.39 

2.04 

9.00 

0.00 

9. DO 

S-6 

20.79 

17.17 

3.62 

12.00 

0.00 

12.00 

C-2 

21.07 

19.  79 

1.28 

5.00 

0.00 

5.00 

Ml  3 

21.12 

19.52 

1.60 

7.  CO 

0.00 

7.00 

J-4 

24 . 05 

24.10 

-0.G4 

1  .GO 

1.00 

0.00 

R-2 

22.39 

'1.13 

1.26 

4.00 

0.00 

4.00 

P-3 

22. 2G 

22.01 

0.25 

2.00 

0 .  CD 

2.00 

W-4 

20.56 

18.18 

2.38 

11.00 

0.00 

11.00 

B-  1 

23.84 

22.02 

1.82 

8.0D 

0 .  GO 

8.00 

H-6 

25.03 

19.  32 

5.71 

0.00 

14.00 

K-l 

23.63 

19.92 

3.77 

13.00 

0.00 

15.00 

W-3 

22.32 

21.65 

0.67 

3.00 

0.00 

3.0G 

C-l 

34.51 

20.22 

14.29 

15.00 

0.00 

15.00 

B-3 

21.50 

19.92 

1.58 

6.00 

0.00 

6.00 

B-2 

19.  72 

2.35 

10.00 

0.00 

MEAN  G: 

23 .  Gi 

STD  DEV  G: 

3.46  SUM 

3F  NEG  RANKS: 

1.00 

MEAN  H: 

20.20 

STD  OP V  H: 

1 . 75  SUM 

OF  D0S  RANKS: 

119.00 

there  is 

A  14V. 

INCREASE  IN 

THE  PARAMETER 

MEAN  12“  S  D. 

01)  . 

ir»  i  1..  C  0  X  N 

COMPARI 

SDN  G-H 

PNFH  Y5I5  0r  TO’ FI!.  c-uO  'L  DER  STRAF  L3f,.i  ( >_ B > 
(FREEFAU  MAXIMUM'. 


G  CELL 

H  CELL 

difference 

RRNK  C* 

SIGNED 

SIGNED 

SUPJ 

VAlUE 

VALUE 

(G  -  H 1 

DIFFERENCE 

RANK  (NEG) 

RANK  (PCS) 

E-2 

110.06 

203. 78 

-93. 72 

16.00 

15.00 

O.OC 

S-6 

45.84 

74.08 

-28.24 

6.00 

6.00 

0.00 

C-2 

58.  79 

75.92 

-17.13 

4.00 

4.00 

0.00 

Ml  3 

75.23 

116.51 

-41.28 

9.00 

9.00 

0.00 

J-4 

126.67 

136.44 

-9.77 

3.00 

3.00 

0.00 

R-2 

68.85 

76.4  0 

-7.55 

1 . 00 

1.00 

0.00 

P-3 

151.60 

182.10 

-30.50 

8.00 

8.00 

0.00 

W-4 

90.16 

97.84 

-7.66 

2.00 

2.00 

0.00 

B-l 

62.35 

89.95 

-27.60 

5.00 

5.00 

0.00 

H-6 

97.43 

171. 78 

-74.35 

14.00 

14.00 

0.00 

K-l 

101.32 

15.0.62 

-49.30 

10.00 

10.00 

0.00 

W-3 

93.58 

162.45 

-68. e7 

13.00 

13.00 

0.00 

C-l 

140.93 

203. 67 

-62.74 

11.00 

11.00 

0.00 

8-3 

108.14 

137.21 

-29.07 

7.00 

7.00 

0.00 

B-2 

71.23 

134.56 

-63.33 

12.00 

12.00 

0.00 

MEAN 

93.48 

5T0  OEV  0: 

30.69  SUM 

OF  NEG  RANKS: 

120.00 

ME  °N  M: 

1 34 . 22 

STO  OEV  H: 

45.04  SUM 

OF  p0S  RANhS: 

— 

0.00 

THERE  IS  A  44V  INCREASE  IN  THE  PARAMETER  MEAN  I2«  s  O.Oll. 


HERN  G:  270.35  STO  OEV  G:  81.54  SUM  OF  NEG  RANKS:  120.00 

HERN  H:  406.97  STD  OEV  Hi  107.34  SUM  OF  POS  RANKS:  - 

THERE  IS  R  517.  INCREASE  IN  THE  PRRRMETER  MEAN  12-  i  0.01). 


HILCOXON  COMPARISON  G-H 


ANALYSIS  OF  RESULTANT  SERT  LORO  (LB) 

IFREEFRLL  MAXIMUM) 

G  CELL  H  CELL  DIFFERENCE 

SU8J  VALUE  VALUE  (G  -  H) 


RANK  OF  SIGNED 

DIFFERENCE  RANK  INEG) 


SIGNED 
RANK  IPOS) 


219.77  486.30  -266.53 

131.43  213.95  -82.52 

200.52  287.17  -86.65 

253.43  409.24  -155.81 

361.53  418.61  -57.08 

241.62  311.01  -69.39 

404.25  525.63  -121.38 

318.04  409.12  -91.08 

188.60  293.52  -104.92 

222.82  505.73  -282.91 

346.94  432.61  -85.67 

226.72  324.34  -97.62 

403.62  599.87  -196.25 

312.08  518.37  -206.29 

244.69  388.74  -144.05 


2.00 

9.00 

6.00 

8.00 

15.00 

4.00 

7.00 

12.00 

13.00 

10.00 


MEAN  G:  271.74  STO  OEV  G:  81.59 
MEAN  Hi  408.28  STO  OEV  Hi  107.36 


SUN  OF  NEG  RANKS: 
SUM  OF  POS  RANKS i 


120.00 


THEME  IS  A  SOX  INCREASE  IN  THE  PARAMETER  MEAN  12-  s  0.01). 


■-  -  >V-  v \-  V  *.k  -  A 


330 


KILCOXON  C0M°AfiISON  C-H 


-■NALYSIS  OF  VERTICAL  SEAT  LOAD  (LB! 
(IMPACT  MAXIMUM  MINUS  FREEFALL  MAXIMUM) 
CATA 


CONDITION  G  CONDITION  H 


SUB  J 

FREEFALL 

MAXIMUM 

IMPACT 

MAXIMUM 

SU8J 

FREEFALL 

MAXIMUM 

IMPACT 

MAXIMUM 

E-2 

219.62 

2102.87 

E-2 

484.18 

1966.45 

S-6 

131.29 

1429.27 

S-6 

212.31 

1477.75 

C-2 

200.02 

2126.11 

C-2 

286.  10 

2148.73 

M13 

252.54 

2151.35 

M 1 3 

404.38 

2113.67 

J-4 

361.25 

2265.30 

J-4 

416.47 

2557.92 

R-2 

241.59 

2049.51 

R-2 

310.47 

1957. 14 

P-3 

403.40 

2557.40 

P-3 

525.11 

2672.47 

W-4 

317.75 

2219.53 

H-4 

408.54 

2244.50 

B-l 

187.65 

1972.80 

B-l 

292. 72 

1924.38 

H-6 

222.70 

2172.74 

H-6 

504.73 

2259.57 

K-l 

346.63 

2359.21 

K-l 

431.52 

2319. 19 

W-3 

217.36 

2142.00 

W-3 

321.83 

2059.74 

C-l 

400.67 

2168.48 

C-l 

597.40 

2269.51 

B-3 

308.56 

2093.90 

B-3 

518.15 

2330.34 

B-2 

244.25 

2584.19 

B-2 

388.58 

2456.90 

ANALYSIS 


G  CELL 

H  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SUB  J 

VALUE 

VALUE 

(G  -  H) 

DIFFERENCE 

RANK  (NEG) 

E-2 

1883.25 

1482.27 

400.98 

15.00 

0.00 

S-6 

1297.98 

1265.44 

32.54 

3.00 

0.00 

C-2 

1926.09 

1862.63 

63.46 

4.00 

0.00 

M13 

1898.81 

1709.29 

189.52 

11.00 

0.00 

J-4 

1904.05 

2139.45 

-235.40 

13.00 

13.00 

R-2 

1807.92 

1646.67 

161.25 

9.00 

0.00 

P-3 

2154.00 

2147.36 

6.64 

1.00 

0.00 

W-4 

1901.78 

1835.96 

65.82 

5.00 

0.00 

8-1 

1785.15 

1631.66 

153.49 

8.00 

0.00 

H-6 

1950.04 

1754.84 

195.20 

12.00 

0.00 

K-l 

2012.58 

1887.67 

124.91 

7.00 

0.00 

W-3 

1924.64 

1737.91 

186. 73 

10.00 

0.00 

C-l 

1767.81 

1672.11 

95.70 

6.00 

0.00 

B-3 

1785.34 

1812. 19 

-26.85 

2.00 

2.00 

B-2 

2339.94 

2068.32 

271.62 

14.00 

0.00 

MEAN 

G> 

1889.29 

STD  OEV  Gi 

221.65  SUM 

OF  NEC  RANKS: 

15.00 

MEAN 

H: 

1776.12 

STO  OEV  H: 

236.34  SUM 

OF  POS  RANKS: 

THERE  IS  A  6X  INCREASE  IN  THE  PARAMETER  MEAN  12«  s  0.01) 


J* 


WILC3X0N  COMPARISON  G-H 


ANALYSIS  OF  RESULTANT  SEAT  LORO  (LB) 


(IMPACT  MAXIMUM  MINUS  FREEFALL  MAXIMUM) 


CONOITION  G 


CONDITION  H 


SUB  J 

FREEFALL 

MAXIMUM 

IMPACT 

MAXIMUM 

SUB  J 

FREEFALL 

MAXIMUM 

IMPACT 

MAXIMUM 

E-2 

219.77 

2104.48 

E-2 

486.30 

1968.16 

S-6 

131.43 

1429.98 

S-6 

213.95 

1477.82 

C-2 

200.52 

2126.79 

C-2 

287. 17 

2149. 74 

MIS 

253.43 

2151.50 

M 1 3 

409.24 

2115. 78 

J-4 

361.53 

2265.82 

J-4 

418.61 

2558.23 

R-2 

241.62 

2049.77 

R-2 

311.01 

1958.04 

P-3 

404.25 

2559.97 

P-3 

525.63 

2673.33 

W-4 

318.04 

2219.70 

W-4 

409.  12 

2245. 18 

B-l 

188.60 

1974.40 

B-l 

293.52 

1925.48 

H-6 

222.82 

2174.33 

H-6 

505.73 

2259.65 

K-l 

346.94 

2360.59 

K-l 

432.61 

2320.32 

W-3 

226.72 

2142. 18 

W-3 

324.34 

2060.55 

C-l 

403.62 

2168.66 

C-l 

599.87 

2269.66 

B-3 

312.08 

2096.53 

B-3 

518.37 

2330.56 

B-2 

244.69 

2584.93 

B-2 

388.74 

2456.90 

ANALYSIS 


G  CELL 

H  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SU8J 

VALUE 

VALUE 

(G  -  H) 

DIFFERENCE 

RANK  (NEG) 

RANK  (POS 

E-2 

1884.71 

1481.86 

402.85 

15.00 

0.00 

15.00 

S-6 

1298.55 

1263.87 

34.68 

3.00 

0.00 

3.00 

C-2 

1926.27 

1862.57 

63.70 

4.00 

0.00 

4.00 

M13 

1898.07 

1706.54 

191.53 

11.00 

0.00 

11.00 

J-4 

1904.29 

2139.62 

-235.33 

13.00 

13.00 

0.00 

R-2 

1808. 15 

1647.03 

161.12 

9.00 

0.00 

9.00 

P-3 

2155.72 

2147.70 

8.02 

1.00 

0.00 

1.00 

M-4 

1901.66 

1836.06 

65.60 

5.00 

0.00 

5.00 

B-l 

1785.80 

1631.98 

153.84 

8.00 

0.00 

8.00 

H-6 

1951.51 

1753.92 

197.59 

12.00 

0.00 

12.00 

K-l 

2013.65 

1887.71 

125.94 

7.00 

0.00 

7.00 

M-3 

1915.46 

1736.21 

179.25 

10.00 

0.00 

10.00 

C-l 

1765.04 

1669.79 

95.25 

6.00 

0.00 

6.00 

B-3 

1784.45 

1812. 19 

-27.74 

2.00 

2.00 

0.00 

B-2 

2340.24 

2068.16 

272.08 

14.00 

0.00 

14.00 

MEAN 

G:  1888.90 

STO  OEV  Gs 

221.83  SUM 

OF  NEG  RANKS: 

15.00 

MEAN 

Hs  1776.35 

STO  DEV  Hi 

236.79  SUM 

OF  POS  RANKS: 

105.00 

THERE 

IS  A  67. 

INCREASE  IN 

THE  PARAMETER 

MEAN  I2«  i  0. 

01)  . 

Va'.VwV'vV.W.CVV 


W1LC0X0N  COMPARISON  E-G 


ANALYSIS  OF  CARRIAGE  ACCELERATION  (G) 
(IMPACT  MAXIMUM) 


SUB  J 

E  CELL 
VALUE 

G  CELL 
VALUE 

DIFFERENCE 
(E  -  G) 

RANK  OF 
DIFFERENCE 

SIGNED 

RANK  (NEG) 

SIGNED 
RANK  (POS: 

H-6 

9.94 

9.94 

0.00 

0.00 

0.00 

B-l 

9.97 

9.92 

0.05 

5.00 

0.00 

5.00 

P-3 

9.92 

9.90 

0.02 

3.50 

0.00 

3.50 

W-4 

9.90 

9.92 

-0.02 

3.50 

3.50 

0.00 

C-2 

9.90 

10.01 

-0.  1 1 

8.50 

8.50 

0.00 

B-3 

9.90 

10.02 

-0.  12 

11.00 

11.00 

0.00 

Ml  3 

9.90 

10.01 

-0. 1 1 

8.50 

8.50 

0.00 

J-4 

9.94 

9.95 

-0.01 

1.50 

1.50 

0.00 

W-3 

9.94 

9.95 

1.50 

1.50 

0.00 

K-l 

9.83 

9.95 

-0.12 

10.00 

10.00 

0.00 

S-6 

10.06 

10.06 

0.00 

0.00 

0.00 

O.OQ 

R-2 

9.94 

9.94 

0.00 

0.00 

0.00 

B-2 

9.91 

9.97 

-0.06 

6.00 

6.00 

C-l 

9.89 

9.96 

-0.07 

7.00 

7.00 

0.00 

MEAN  E: 
MEAN  G: 

THERE  IS 

9.92 

9.96 

A  0.4/! 

STD  OEV  E: 

STO  OEV  G: 

INCREASE  IN  THE 

0.05  SUM 
0.05  SUM 

PARAMETER 

OF  NEG  RANKS: 
OF  POS  RANKS: 

MEAN  12“  s  0. 

57.50 

05)  . 

8.50 

WlLCOXON  COMPARISON  E-G 


ANALYSIS  OF  CHEST  Z  ACCELERATION  (G) 
l IMPACT  MAXIMUM) 


SUBJ 

E  CELL 
VALUE 

G  CELL 
VALUE 

DIFFERENCE 

IE  -  G) 

RANK  OF 
DIFFERENCE 

SIGNED 
RANK  (NEG) 

5IGNED 
RANK  IPOS) 

H-6 

21.33 

17.85 

3.48 

5.00 

0.00 

5.00 

B-l 

19.85 

16.25 

3.60 

6.00 

0.00 

6.00 

P-3 

16.35 

16. 16 

0.  19 

1.00 

0.00 

1.00 

W-4 

22.33 

16.29 

6.04 

12.00 

0.00 

12.00 

C-2 

18.73 

15.48 

3.25 

4.00 

0.00 

4.00 

B-3 

20.41 

14.35 

6.06 

13.00 

0.00 

13.00 

Ml  3 

20.15 

14.88 

5.27 

10.00 

0.00 

10.00 

J-4 

19.01 

16.44 

2.57 

3.00 

0.00 

3.00 

W-3 

18.75 

14.16 

4.59 

8.00 

0.00 

8.00 

K-l 

19.86 

14.64 

5.22 

9.00 

0.00 

9.00 

S-6 

15.84 

21.82 

-5.98 

11.00 

11.00 

0.00 

R-2 

20.03 

15.90 

4.13 

7.00 

0.00 

7.00 

8-2 

24.60 

17.08 

7.52 

14.00 

0.00 

14.00 

C-l 

10.20 

17.40 

0.80 

2.00 

0.00 

MEAN  E: 
MEAN  G: 

THERE  1 

19.67 

16.34 

[  S  A  21’/ 

STD  DEV  E: 

STO  OEV  G: 

INCREASE  IN  THE 

2.24  SUM  OF  NEG  RANKS: 
1.94  SUM  OF  POS  RANKS: 

PARAMETER  MEAN  12“  S  0. 

11.00 

on  . 

94.00 

.  v>  *  * 

^  +  *  *•  t  V. 


WILCOXON  COMPARISON  E-G 


ANALYSIS  OF  TOTAL  SHOULOER  STRAP  LOAD  (LSI 
(FREEFALL  MAXIMUM) 


.E  CELL 

G  CELL 

DIFFERENCE 

RANK  OF 

SIGNEO 

SIGNED 

SUB  J 

VALUE 

VALUE 

IE  -  Gl 

DIFFERENCE 

RANK  (NEG) 

RANK  IPO! 

H-6 

93.37 

97.  A3 

-A. 06 

1.00 

1.00 

0.00 

8-  1 

A0.5A 

62.35 

-21.81 

7.00 

7.00 

0.00 

P-3 

78.10 

151.60 

-73.50 

14.00 

14.00 

0.00 

W-4 

60.75 

90. 16 

-29. A1 

8.00 

8.00 

0.00 

C-2 

A2.3A 

58.79 

-16. A5 

4.00 

4.00 

0.00 

B-3 

90.61 

108. 1A 

-17.53 

5.00 

5.00 

0.00 

Ml  3 

3A.67 

75.23 

-AO. 56 

10.00 

10.00 

0.00 

J-4 

59.66 

126.67 

-67.01 

13.00 

13.00 

0.00 

W-3 

52.33 

93.58 

-41.25 

11.00 

11.00 

0.00 

K-l 

68.25 

101.32 

-33.07 

9.00 

9.00 

0.00 

S-6 

AO. 37 

A5.8A 

-5.47 

2.00 

2.00 

0.00 

R-2 

5A.2A 

68.85 

-14.61 

3.00 

3.00 

0.00 

B-2 

90.62 

71.23 

19.39 

6.00 

o.co 

6.00 

C-l 

90.13 

1  AO. 93 

-50.80 

12.00 

12.00 

0.00 

MEAN 

E: 

6A.00 

STD 

OEV  E: 

21.26  SUM 

OF  NEG  RANKS: 

99.00 

MEAN 

G: 

92.29 

STO 

DEV  G: 

31.49  SUM 

OF  POS  RANKS: 

6.00 

THERE  IS  A  44Z  INCREASE  IN  THE  PARAMETER  MEAN  12“  s  0.01)  . 


WILCOXON  COMPARISON  E-G 


ANALYSIS  OF  TOTAL  LAP  BELT  LOAO  (LSI 


(FREEFALL  MAXIMUM) 


SUB  J 

E  CELL 
VALUE 

G  CELL 
VALUE 

DIFFERENCE 
(E  -  G) 

RANK  OF 
DIFFERENCE 

SIGNED 

RANK  (NEG) 

SIGNEO 
RANK  IPOS 

H-6 

222.15 

241.99 

-19.84 

3.00 

3.00 

0.00 

B-J 

250.77 

235.06 

15.71 

2.00 

0.00 

2.00 

P-3 

360. 3A 

501.90 

-141.56 

13.00 

13.00 

0.00 

W-4 

2B5.6A 

368.56 

-82.92 

10.00 

10.00 

0.00 

C-2 

175.56 

244.11 

-68.55 

8.00 

8.00 

0.00 

8-3 

342.79 

378. 73 

-35.94 

6.00 

6.00 

0.00 

Ml  3 

233.87 

268.13 

-34.26 

5.00 

5.00 

0.00 

J-A 

286.68 

377.86 

-91.  18 

11.00 

11.00 

0.00 

W-3 

196.40 

216.32 

-19.92 

4.00 

4.00 

0.00 

K-l 

239.94 

397.69 

-157.75 

14.00 

14.00 

0.00 

S-6 

148.73 

224.88 

-76.  15 

9.00 

9.00 

0.00 

R-2 

230.43 

273.01 

-42.58 

7.00 

7.00 

0.00 

B-2 

251.26 

243.22 

8.04 

1.00 

0.00 

1.00 

C-l 

362.60 

480.34 

-117.74 

12.00 

12.00 

0.00 

MEAN  E 
MEAN  G 

THERE 

:  256.23 

:  317.99 

IS  A  24  Z 

STO  OEV  E:  65.47  SUM  OF  NEG  RANKS: 
STO  DEV  G:  97.50  SUM  OF  POS  RANKS: 

INCREASE  IN  THE  PARAMETER  MEAN  12“  S  0. 

102.00 

01)  . 

3.00 

335 


WILCOXON  COMPARISON  E-C 


ANALYSIS  OF  VERTICAL  SEAT  LORO  (LB) 
(FREEFALL  MAXINUNI 


SUB  J 

E  CELL 
VALUE 

G  CELL 
VALUE 

DIFFERENCE 
IE  -  G) 

RANK  OF 
DIFFERENCE 

SIGNED 

RANK  (NEG) 

SIGNED 
RANK  (POS) 

H-6 

212.86 

222.70 

-9.84 

5.00 

5.00 

0.00 

B- 1 

184.49 

1B7.65 

-3.  16 

4.00 

4.00 

0.00 

P-3 

333.25 

403.40 

-70.15 

10.00 

10.00 

0.00 

W-4 

244.02 

317.75 

-73. 73 

11.00 

11.00 

0.00 

C-2 

202.18 

200.02 

2.  16 

2.00 

0.00 

2.00 

B-3 

274.26 

308.56 

-34.30 

9.00 

9.00 

0.00 

Ml  3 

266.32 

252.54 

13.78 

7.00 

0.00 

7.00 

J-4 

283.01 

361.25 

-78.24 

12.00 

12.00 

0.00 

W-3 

230.88 

217.36 

13.52 

6.00 

0.00 

6.00 

K-l 

238.22 

346.63 

-108.41 

14.00 

14.00 

0.00 

S-5 

128.98 

131.29 

-2.31 

3.00 

3.Q0 

0.00 

R-2 

219.72 

241.59 

-21.87 

8.00 

8.00 

0.00 

B-2 

242.51 

244.25 

-1.74 

1.00 

1.00 

0.00 

C-l 

302.13 

400.67 

-98.54 

13.00 

13.00 

0.00 

MEAN  E 
MEAN  G 

THERE 

:  240.20 

:  273.98 

IS  A  147. 

STO  DEV  E: 
STO  DEV  G: 

INCREASE  IN 

51.41  SUM 

83.35  SUM 

THE  PARAMETER 

OF  NEG  RANKS: 
OF  POS  RANKS: 

MEAN  12“  i  0. 

90.00 

02)  . 

15.00 

WILCOXON  COMPARISON  E-G 


ANALYSIS  OF  RESULTANT  SEAT  LOAO  (LB) 
(FREEFALL  MAXIMUM) 


E  CELL 

G  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUB  J 

VALUE 

VALUE 

(E  -  G) 

DIFFERENCE 

RANK  (NEG) 

RANK  IPOS 

H-6 

212.92 

222.82 

-9.90 

5.00 

5.00 

0.00 

B-l 

184.67 

188.60 

-3.93 

3.00 

3.00 

0.00 

P-3 

333.59 

404.25 

-70.66 

30.00 

10.00 

0.00 

H-4 

244.82 

318.04 

-73.22 

11.00 

11.00 

0.00 

C-2 

202.21 

200.52 

1.69 

1.00 

0.00 

1.00 

8-3 

279.05 

312.08 

-33.03 

9.00 

9.00 

0.00 

M 1  3 

278.93 

253.43 

25.50 

8.00 

0.00 

8.00 

J-4 

285.19 

361.53 

-76.34 

12.00 

32.00 

0.00 

W-3 

243.77 

226.72 

17.05 

6.00 

0.00 

6.00 

K-l 

238.30 

346.94 

-108.64 

14.00 

14.00 

0.00 

5-6 

128.98 

131.43 

-2.45 

2.00 

2.00 

0.00 

R-2 

219.83 

241.62 

-21.79 

7.00 

7.00 

0.00 

8-2 

248.96 

244.69 

4.27 

4.00 

0.00 

4.00 

C-l 

305.21 

403.62 

-98.41 

13.00 

13.00 

0.00 

MEAN 

E: 

243.32 

STO 

DEV  E: 

52.63  SUM 

OF  NEG  RANKS: 

86.00 

MEAM 

G: 

275.45 

STO 

OEV  Gt 

83.35  SUM 

OF  POS  RANKS: 

19.00 

THERE  IS  a  137.  INCREASE  IN  THE  PARAMETER  MEAN  I2«  S  0.05). 


2,.  / 1 


$ 

■VT1 

vv 

1- 

ANALYSIS 

s 

E  CELL 

G  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

K 

SUB  J 

VALUE 

VALUE 

(E  -  G) 

DIFFERENCE 

RANK  (NEG) 

RANK  IPOS) 

•  .  •*»*" 

HILCOXON  COMPARISON  E-G 


ANALYSIS  OF  VERTICAL  SEAT  LOAD  (L8) 
IIMPACT  MAXIMUM  MINUS  FREEFALL  MAXIMUM! 
DATA 


CONDI T I  ON  E  CONDITION  G 


SUB  J 

FREEFALL 

MAXIMUM 

IMPACT 

MAXIMUM 

SUB  J 

FREEFALL 

MAXIMUM 

IMPACT 

MAXIMUM 

H-6 

212.86 

2242.47 

H-6 

222.70 

2172.74 

B-l 

184.49 

2073.44 

B-l 

187.65 

1972.80 

P-3 

333.25 

2671.02 

P-3 

403.40 

2557.40 

H-4 

244.02 

2409.89 

H-4 

317. 75 

2219.53 

C-2 

202.18 

2278.64 

C-2 

200.02 

2126.11 

B-3 

274.26 

23S9.28 

B-3 

308.56 

2093.90 

Ml  3 

266.32 

2396.51 

Ml  3 

252.54 

2151.35 

J-4 

283.01 

2547.80 

J-4 

361.25 

2265.30 

H-3 

230.88 

2218.02 

W-3 

217.36 

2142.00 

K-l 

238.22 

2435.98 

K-l 

346.63 

2359.21 

S-6 

128.98 

1525.85 

S-6 

131.29 

1429.27 

R-2 

219.72 

2055.62 

R-2 

241.59 

2049.51 

8-2 

242.51 

2654. 17 

B-2 

244.25 

2584. 19 

C-l 

302.13 

2255.03 

C-l 

400.67 

2168.48 

ANALYSIS 

E  CELL 

G  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUB  J 

VALUE 

VALUE 

(E  -  G) 

DIFFERENCE 

RANK  INEG) 

RANK  IPOS) 

H-6 

2029.61 

1950.04 

79.57 

4.00 

0.00 

4.00 

B-l 

1888.95 

1785.15 

103.80 

6.00 

0.00 

6.00 

P-3 

2337.77 

2154.00 

183.77 

e.oo 

0.00 

8.00 

H-4 

2165.87 

1901.78 

264.09 

12.00 

0.00 

12.00 

C-2 

2076.46 

1926.09 

150.37 

7.00 

0.00 

7.00 

8-3 

2085.02 

1785.34 

299.68 

13.00 

0.00 

13.00 

Ml  3 

2130.19 

1898.81 

231.38 

11.00 

0.00 

11.00 

J-4 

2264.79 

1904.05 

360.74 

14.00 

0.00 

14.00 

H-3 

1987.14 

1924.64 

62.50 

2.Q0 

0.00 

2.00 

K-l 

2197.76 

2012.58 

185. 18 

10.00 

0.00 

10.00 

S-6 

1396.87 

1297.98 

98.89 

5.00 

0.00 

5.00 

R-2 

1835.90 

1807.92 

27.98 

1.00 

0.00 

1.00 

B-2 

2411.66 

2339.94 

71.72 

3.00 

0.00 

3.00 

C-l 

1952.90 

1767.81 

185.09 

9.00 

0.00 

9.00 

MEAN 

E: 

2054.35 

STD  OEV  E: 

250 

.42  SUM 

OF  NEC  RANKS: 

0.00 

MEAN 

G: 

1889.72 

STD  DEV  G: 

230 

.02  SUM 

OF  POS  RANKS: 

105.00 

THERE  IS  A  8V.  INCREASE  IN  THE  PARAMETER  MEAN  I2«  s  O.Ol). 


HILCOXON  COMPARISON  F-H 


ANALYSIS  OF  CARRIAGE  Z  ACCELERATION  (G) 

(IMPACT  MAXIMUM) 


F  CELL 

H  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUBJ 

VALUE 

VALUE 

(F  -  H) 

DIFFERENCE 

RANK  (NEG) 

RANK  (POS) 

S-6 

10.12 

10.04 

0.08 

9.50 

0.00 

9.50 

C-I 

9.94 

10.00 

-0.06 

6.50 

6.50 

0.00 

H-4 

9.90 

10.03 

-0. 13 

13.00 

13.00 

0.00 

K-l 

9.B8 

9.94 

-0.06 

5.00 

5.00 

0.00 

J-4 

9.91 

9.93 

-0.02 

1.00 

1.00 

0.00 

R-3 

9.94 

10.00 

-0.06 

6.50 

6.50 

0.00 

B-2 

9.94 

9.99 

-0.05 

3.50 

3.50 

0.00 

B-3 

9.94 

10.04 

-0. 10 

12.00 

12.00 

0.00 

R-2 

9.95 

10.02 

-0.07 

B.  00 

8.00 

0.00 

H-6 

9.B9 

10.03 

-0. 14 

14.00 

14.00 

0.00 

H-3 

9.93 

9.96 

-0.03 

2.00 

2.00 

0.00 

M13 

9.B8 

10.04 

-0. 16 

15.00 

15.00 

0.00 

B-l 

9.95 

10.03 

-0.08 

9.50 

9.50 

0.00 

C-2 

9.92 

10.01 

-0.09 

11.00 

11.00 

0.00 

E-2 

10.09 

10.04 

0.05 

3.50 

0.00 

3.50 

P-3 

9.88 

9.88 

0.00 

0.00 

0.00 

0.00 

MEAN  F: 

9.94 

STD 

DEV  F: 

0.07  SUM 

OF  NEG  RANKS: 

107.00 

MEAN  H: 

10.00 

STO 

OEV  H: 

0.05  SUM 

OF  POS  RANKS: 

13.00 

THERE  IS 

A  17. 

INCREASE  IN  THE  PARAMETER 

MEAN  I2<*  2  0. 

01)  . 

HILCOXON 

COMPARISON 

F-H 

ANALYSIS 

OF  CARRIAGE 

VELOCITY 

(FT/SEC) 

(IMPACT 

MINIMUM) 

F  CELL 

H  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUBJ 

VALUE 

VALUE 

(F  -  H) 

DIFFERENCE 

RANK  (NEG) 

RANK  (POS) 

S-B 

-26.27 

-26.22 

-0.05 

2.50 

2.50 

0.00 

C-l 

-26.25 

-26.25 

0.00 

0.00 

0.00 

0.00 

H-4 

-26.34 

-25.49 

-0.85 

15.00 

15.00 

0.00 

K-l 

-26.23 

-26.36 

0.13 

7.00 

0.00 

7.00 

J-4 

-26.26 

-26.36 

0. 10 

4.00 

0.00 

4.00 

R-3 

-26.32 

-26.18 

-0.14 

8.00 

8.00 

0.00 

B-2 

-26.22 

-26.27 

0.05 

2.50 

0.00 

2.50 

B-3 

-26.28 

-2S.64 

-0.64 

14.00 

14.00 

0.00 

R-2 

-26.76 

-26.25 

-0.51 

13.00 

13.00 

0.00 

H-6 

-26.37 

-26.26 

-0.11 

5.50 

5.50 

0.00 

H-3 

-26.36 

-26.25 

-0.11 

5.50 

5.50 

0.00 

M13 

-26.48 

-26.02 

-0.46 

12.00 

12.00 

0.00 

B-l 

-26.42 

-26.20 

-0.22 

11.00 

11.00 

0.00 

C-2 

-26.39 

-26.19 

-0.20 

10.00 

10.00 

0.00 

E-2 

-26.25 

-26.20 

-0.05 

1.00 

1.00 

0.00 

P-3 

-26.25 

-26.42 

0.17 

9.00 

0.00 

9.00 

MEAN  F: 

-26.34 

STO 

OEV  Fs 

0.13  SUM 

OF  NEG  RANKS: 

97.50 

MEAN  H: 

-26.16 

STD 

OEV  H: 

0.25  SUM 

OF  POS  RANKS: 

22.50 

THERE  IS  A  0.4Z  INCREASE  IN  THE  PARAMETER  MEAN  12-  2  0.05). 


MILCOXON  COMPARISON  F-H 


ANALYSIS  OF  CHEST  Z  ACCELERATION  (G! 


(IMPACT  MAXIMUM) 


F  CELL 

H  CELL 

SUB  J 

VALUE 

VALUE 

S-6 

18.  12 

13.73 

C-l 

16.97 

14.69 

H-4 

21.81 

16.07 

K-l 

21.00 

15.49 

J-4 

22.77 

15.96 

R-3 

20.36 

17.48 

3-2 

13.70 

16.51 

3-3 

17.04 

13.24 

R-2 

18.05 

13.72 

H-6 

20.67 

14.01 

W-3 

15.56 

14.59 

M13 

19.62 

15.98 

B- 1 

20.91 

16.21 

C-2 

19.66 

14.22 

E-2 

P-3 

23.91 

15.18 

— 

14.61 

15.08 

MEAN  F: 

18.83 

STD 

OEV  F: 

MEAN  H: 

15.  10 

STO 

DEV  H: 

THERE  IS 

A  2S’/. 

INCREASE  IN 

NILCOXON 

COMPARISON 

F-H 

ANALYSIS 

OF  CHEST  RESULTANT 

(IMPACT 

MAXIMUM) 

F  CELL 

H  CELL 

SUB  J 

VALUE 

VALUE 

DIFFERENCE 
(F  -  H) 


RANK  OF 
DIFFERENCE 


SIGNED 
RANK  (NEG) 


SUM  OF  NEG  RANKS: 
SUM  OF  POS  RANKS: 


DIFFERENCE  RANK  OF  SIGNED 

(F  -  H)  DIFFERENCE  RANK  (NEC) 


MEAN  F: 
MEAN  H: 


19.08  STD  DEV  F: 
15.35  STO  DEV  H: 


SUM  OF  NEG  RANKS 
SUM  OF  POS  RANKS 


THERE  IS  A  25 7.  INCREASE  IN  THE  PARAMETER  MEAN  I2«  i  0 


SIGNED 
RANK  (POS) 


4.39 

10.00 

0.00 

10.00 

2.28 

4.00 

0.00 

4.00 

5.74 

14.00 

0.00 

24.00 

5.51 

13.00 

0.00 

13.00 

6.81 

16.00 

0.00 

16.00 

2.88 

5.00 

0.00 

5.00 

3.  19 

6. 00 

0.00 

6.00 

3.80 

8.00 

0.00 

8.00 

4.33 

9.00 

0.00 

9.00 

6.66 

15.00 

0.00 

15.00 

0.97 

3.00 

0.00 

3.00 

3.64 

7.00 

0.00 

7.00 

4.  70 

11.00 

0.00 

11.00 

5.44 

12.00 

0.00 

12.00 

D.  70 

2.00 

2.00 

0.00 

D.  10 

1.00 

0.00 

1.00 

134.00 


SIGNED 
RANK  IPOS) 


135.00 


MILC0X0N  COMPARISON  F-H 


ANALYSIS  OF  HEAD  RESULTANT  ACCELERATION 


(IMPACT  MAXIMUM) 


F  CELL 

H  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SU6J 

VALUE 

VALUE 

(F  -  H) 

DIFFERENCE 

RANK  (NEC) 

RANK  (POS) 

S-6 

11.22 

10.95 

0.27 

4.00 

0.00 

4.00 

C-l 

12.36 

11.99 

0.37 

.  6.50 

0.00 

6.50 

M-4 

13.17 

11.51 

1.66 

15.00 

0.00 

15.00 

K-l 

13.00 

12.63 

0.37 

6.50 

0.00 

6.50 

J-4 

12.94 

13.05 

-0. 11 

2.00 

1 

0.00 

R-3 

13.92 

12.95 

0.97 

9.50 

;iJi  i  iK 

9.50 

B-2 

12.52 

11.97 

0. 55 

8.00 

%'fll  l  iBf'J 

8.00 

B-3 

13.49 

12.05 

1.44 

13.00 

•  IB 

13.00 

R-2 

13.29 

12.32 

0.97 

9.50 

0.00 

9.50 

H-6 

13.64 

11.04 

2.60 

16.00 

0.00 

16.00 

W-3 

12.81 

11.24 

1.57 

14.00 

0.00 

14.00 

M13 

1J.48 

12.50 

-0.02 

1.00 

1.00 

0.00 

B-l 

14.58 

14.27 

0.31 

5.00 

0.00 

5.00 

C-2 

12.12 

11.02 

1.10 

12.00 

0.00 

12.00 

E-2 

11.41 

11.27 

0.  14 

3.00 

0.00 

3.00 

P-3 

13.21 

12.22 

0.99 

11.00 

0.00 

11.00 

MEAN  F: 

12.89 

STO 

DEV  F: 

0.87  SUM 

OF  NEC  RANKS: 

3.00 

MEAN  H: 

12.06 

STD 

DEV  Hs 

0.90  SUM 

OF  POS  RANKS: 

133.00 

THERE  IS 

A  77. 

INCREASE  IN 

THE  PARAMETER 

MEAN  (2«  i  0. 

01)  . 

MILCOXON 

COMPARISON  F 

-H 

ANALYSIS 

OF  HEAD 

SEVERITY  INDEX 

(IMPACT 

MAXIMUM) 

F  CELL 

H  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUBJ 

VALUE 

VALUE 

IF  -  H) 

DIFFERENCE 

RANK  (NEG) 

RANK  (POS) 

S-6 

18.06 

17.17 

0.89 

3.00 

0.00 

3.00 

C-l 

23.05 

2.83 

13.00 

0.00 

13.00 

M-4 

19.97 

18.18 

1.79 

11.00 

0.00 

11.00 

K-J 

21.39 

19.92 

1.47 

8.00 

0.00 

8.00 

J-4 

23.98 

-0.12 

1.00 

1.00 

0.00 

R-3 

22.69 

19.91 

2.78 

12.00 

0.00 

12.00 

B-2 

19.  12 

19.72 

;€-■£■  il'SB  iH'I*  Hi 

2.00 

2.00 

0.00 

B-3 

21.68 

19.92 

1.76 

10.00 

0.00 

10.00 

R-2 

22.83 

21.13 

9.00 

0.00 

9.00 

H-6 

19.32 

4.70 

16.00 

0.00 

16.00 

N-3 

24.49 

21.65 

2.84 

14.00 

0.00 

14.00 

M13 

20.83 

19.52 

1.31 

6.00 

0.00 

6.00 

B-l 

23.44 

1.42 

7.00 

0.00 

7.00 

C-2 

19.79 

2.91 

15.00 

0.00 

15.00 

E-2 

19.39 

18.39 

4.00 

0.00 

4.00 

P-3 

23. 19 

1.18 

5.00 

0.00 

5.00 

MEAN  F: 

21.93 

STO 

DEV  F: 

1.95  SUM 

3.00 

MEAN  H: 

20. 19 

STD 

DEV  Ht 

1.70  SUM 

133.00 

THERE  IS  87.  INCREASE  IN  THE  PARAMETER  MEAN  12m  <  0 .Oil. 


MEAN  F:  75.94  STD  OEV  F:  31.09  SUM  OF  NEG  RANKS:  136.00 

MEAN  H:  130.87  STD  DEV  H:  45.53  SUM  OF  POS  RANKS:  - 


THERE  IS  A  12'/.  INCREASE  IN  THE  PARAMETER  MEAN  12-  S  0.01). 


HILCOXON  COMPARISON  F-H 


ANALYSIS  OF  TOTAL  LAP  BELT  LOAO  (LB) 


(FREEFALL  MAXIMUM) 

F  CELL  H  CELL 

SUB J  VALUE  VALUE 


177.43  203.77 
317.98  376.61 

236.93  225.99 
237.82  255.00 
266.87  250.03 
241.52  386.70 

212.94  221.20 
308.79  352.50 
224.42  284.05 
225.03  292.18 
186.67  176.75 
272.18  363.16 
137.48  249.88 

C-2  146.02  196.87 
E-2  361.46  296.71 
P-3  356.47  307.22 


MEAN  F:  244.38  STO  DEV  F: 
MEAN  H:  277.41  STO  OEV  H: 


RANK  OF  SIGNED  SIGNED 

DIFFERENCE  RANK  (NEG)  RANK  (POS) 


DIFFERENCE 
(F  -  H) 


-26.34 
-58.63 
10.94 
-17. 18 
16.84 
-145.18 
-8.26 
-43.71 
-59.63 
-67.15 
9.92 
-90.98 
-112.40 
-50.85 
64.75 
49.25 


67.28  SUM  OF  NEG  RANKS:  107.00 
66.41  SUM  OF  POS  RANKS:  - 


THERE  IS  A  14'/.  INCREASE  IN  THE  PARAMETER  MEAN  (2-  i  0.05). 


345 


H1LC0X0N  COMPARISON  F-H 


s 

-6 

39.26 

128.08 

-88.82 

c 

-1 

100.59 

316.33 

-215.74 

H 

-4 

111.64 

245.32 

-133.68 

K 

-1 

84.36 

220.80 

-136.44 

J 

-4 

102. 98 

210.25 

-107.27 

R 

-3 

66.88 

217.48 

-150.60 

B 

-2 

112.37 

232.62 

-120.25 

B 

-3 

104.04 

270.00 

-165.96 

R 

-2 

41.70 

127.37 

-85.67 

H 

-6 

98.11 

326.48 

-228.37 

U 

-3 

56.92 

194.13 

-137.21 

M13 

35.27 

170.01 

-134.74 

B 

-1 

31.48 

137.34 

-105.86 

C 

-2 

50.61 

170.67 

-120.06 

E 

-2 

120.41 

319.71 

-199.30 

P 

-3 

121.55 

284.54 

-162.99 

HERN  Ft  79.89  STO  OEV  F:  33.00 
HERN  H:  223.20  STO  OEV  H:  67.05 


SUM  OF  POS  RANKS: 


THERE  IS  fl  179'/  INCREASE  IN  THE  PARAMETER  MEAN  !2«  i  0.01). 


yt**  ; 


MILC0XON  COMPARISON  F-H 


ANALYSIS  OF  TOTAL  SHOULOER  STRAP  LOAO  (LB) 
(IMPACT  MAXIMUM  MINUS  FREEFALL  MAXIMUM) 


CONDITION  F 


FREEFALL 
SUBJ  MAXIMUM 


ANALYSIS 


MEAN  F: 
MEAN  H: 


IMPACT 

MAXIMUM 


ss. 

21 

152. 

,  17 

113. 

,33 

225. 

,53 

52. 

78 

173. 

.52 

51. 

,62 

172. 

,03 

93. 

88 

192. 

.39 

53. 

58 

182. 

,60 

10B. 

12 

193. 

.81 

70. 

22 

111. 

,17 

11. 

98 

113. 

,73 

77. 

12 

213. 

,28 

101. 

,35 

182. 

.10 

63. 

70 

150. 

.  18 

52. 

17 

103. 

,37 

15. 

98 

176. 

.73 

151. 

87 

316. 

,09 

78. 

58 

198. 

,16 

F  CELL 
VALUE 


H  CELL 
VALUE 


106.10  STD  DEV  F: 
10.35  STD  OEV  H; 


CONDITION  H 


FREEFALL 
SUBJ  MAXIMUM 


IMPACT 

MAXIMUM 


71. 

08 

153. 

31 

203. 

67 

187. 

10 

97. 

81 

169. 

85 

150. 

62 

138. 

51 

136. 

11 

119. 

39 

80. 

63 

158. 

92 

131. 

56 

136. 

93 

137. 

21 

112. 

07 

76. 

10 

118. 

11 

171. 

78 

210. 

12 

162. 

15 

219. 

15 

116. 

51 

113. 

86 

75. 

92 

193. 

11 

203. 

78 

319. 

31 

182. 

10 

201. 

56 

DIFFERENCE  RANK  OF  SIGNEO  SIGNED 

(F  -  HI  DIFFERENCE  RANK  1NEG)  RANK  IPOS) 


32.06  SUM  OF  NEG  RANKS 
15.31  SUM  OF  POS  RANKS 


136.00 


THERE  IS  A  165'/  INCREASE  IN  THE  PARAMETER  MEAN  (2«  s  0 


WILCQXON  COMPARISON  F-H 


ANALYSIS  OF  RESULTANT  SEAT  LOAO  (LB) 

(IMPACT  MAXIMUM  MINUS  FREEFALL  MAXIMUM) 

DATA 

CONDITION  F  CONDITION  H 


SUB  J 

FREEFALL 

MAXIMUM 

IMPACT 

MAXIMUM 

SUB  J 

FREEFALL 

MRXIMUM 

IMPACT 

MAXIMUM 

S-6 

141.84 

1531.86 

S-6 

213.95 

1477.82 

C-l 

322. 19 

2152.82 

C-l 

599.87 

2269.66 

W-4 

310.01 

2368.94 

W-4 

409.  12 

2245. 18 

K-  1 

291.46 

2373.88 

K-l 

432.61 

2320. 32 

J-4 

394.01 

2514.05 

J-4 

418.61 

2558.23 

R-3 

239.42 

2063.67 

R-3 

457.88 

2042. 58 

B-2 

269.05 

2801.73 

B-2 

388. 74 

2456.90 

B-3 

345.42 

2343. 73 

B-3 

518. 37 

2330.56 

R-2 

251.09 

2024.54 

R-2 

311.01 

1958.04 

H-6 

263.96 

2362.23 

H-6 

505. 73 

2259.65 

H-3 

237.02 

2199.40 

W-3 

324.34 

2060.55 

M13 

277.93 

2333.01 

M 1  3 

409.24 

2115. 78 

B-l 

205.21 

2026.29 

B-l 

293.52 

1925.48 

C-2 

208.65 

2182.25 

C-2 

287.17 

2149.74 

E-2 

350.31 

1951.75 

E-2 

486. 30 

1968. 16 

P-3 

406.  14 

2677.35 

P-3 

525.63 

2673. 33 

ANALYSIS 

F  CELL 

H  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUB  J 

VALUE 

VALUE 

(F  -  HI 

DIFFERENCE 

RANK  (NEG) 

RANK  (POS) 

S-6 

1390.02 

1263.87 

126.15 

5.00 

0.00 

5.00 

C-l 

1830.63 

1669.79 

160.84 

7.00 

0.00 

7.00 

H-4 

2058.93 

1836.06 

222.87 

11.00 

0.00 

11.00 

K-l 

2082.42 

1887.71 

194.71 

10.00 

0.00 

10.00 

J-4 

2120.04 

2139.62 

-19.58 

1 . 00 

1.00 

0.00 

R-3 

1824.25 

1584.70 

239.55 

13.00 

0.00 

13.00 

B-2 

2532.68 

2068.16 

464.52 

16.00 

0.00 

16.00 

B-3 

1998.31 

1812. 19 

106. 12 

8.00 

0.00 

8.00 

R-2 

1773.45 

1647.03 

126.42 

6.00 

0.00 

6.00 

H-6 

2098.27 

1753.92 

344.35 

14.00 

0.00 

14.00 

H-3 

1962.38 

1736.21 

226. 17 

12.00 

0.00 

12.00 

Ml  3 

2055.08 

1706.54 

348.54 

15.00 

0.00 

15.00 

B-l 

1821.08 

1631.96 

189. 12 

9.  00 

0.00 

9.00 

C-2 

1973.60 

1862.57 

111.03 

2.00 

0.00 

2.00 

E-2 

1601.44 

1401.86 

119.58 

3.00 

0.00 

3.00 

P-3 

2271.21 

2147.70 

123.51 

4.00 

0.00 

4.00 

MEAN 

F: 

1962.11 

STD  DEV  F: 

264 

.28  SUM 

OF  NEC  RANKS: 

1.00 

MEAN 

H: 

1764.37 

STO  OEV  H: 

233 

.72  SUM 

OF  POS  RANKS: 

135.00 

THERE  IS  A  1 IX  INCREASE  IN  THE  PARAMETER  MEAN  (2«  s  O.Ol). 


HILCOXON  COMPARISON  F-H 

ANALYSIS  OF  VERTICAL  SEAT  LOAD 

UMPACT  MAXIMUM  MINUS  FREEFALL 

(LB) 

MAXIMUM! 

DATA 

CONDITION  F 

CONDITION  H 

FREEFALL  IMPACT 

FREEFALL 

IMPACT 

SUBJ  MAXIMUM  MAXIMUM 

SUBJ 

MAXIMUM 

MAXIMUM 

141. 

.81 

1531. 

51 

321. 

.68 

2151. 

59 

309. 

.63 

2367. 

31 

291. 

.38 

2372. 

74 

393. 

,  14 

2512. 

18 

239. 

.41 

2063. 

21 

267. 

.  18 

2798. 

15 

342. 

,07 

2341. 

32 

249. 

,51 

2023. 

19 

263. 

,73 

2361. 

13 

233. 

,  65 

2194. 

75 

261. 

.27 

2332. 

14 

188. 

.80 

2025. 

22 

208. 

.35 

2180. 

78 

348. 

.98 

1950. 

09 

405. 

.88 

2676. 

05 

212. 

,31 

1477. 

,75 

597. 

,40 

2269. 

51 

408. 

,54 

2244. 

,50 

431. 

,52 

2319. 

,  19 

418. 

,47 

2557. 

,92 

455. 

,21 

2039. 

,54 

388. 

,58 

2456. 

,90 

518. 

15 

2330. 

34 

310. 

47 

1957. 

,  14 

504. 

,  73 

2259. 

57 

321. 

83 

2059. 

74 

404. 

38 

2113. 

.67 

292. 

,72 

1924. 

,38 

286. 

,10 

2148. 

,73 

484. 

.18 

1966. 

,45 

525. 

,  1 1 

2672. 

,47 

ANALYSIS 


F  CELL 
VALUE 


H  CELL 
VALUE 


DIFFERENCE 
(F  -  H) 


RANK  OF  SIGNED  SIGNED 

DIFFERENCE  RANK  (NEG)  RANK  IPOS) 


APPENDIX  E 


PHOTOMETRIC  DATA 


Subject  head  and  knee  displacements  resulting  from  fore-aft  impacts  were 
determined  by  analyzing  high-speed  films  of  the  experiments.  Available  displa¬ 
cement  data  for  forward  facing  tests  are  summarized  in  Table  E-l.  Component 
displacements  were  defined  as  maximum  minus  minimum  coordinate  values  of  photo¬ 
metric  targets  displaced  during  the  impact.  Resultant  displacements  were  com¬ 
puted  vectorially  as  the  maximum  displacement  from  the  target's  initial  vector 
position.  Data  from  some  experiments  were  not  available  due  to  problems 
acquiring  or  processing  the  films  (e.g.,  camera  malfunction  during  impact). 
Further  details  concerning  photometric  data  acquisition  are  contained  in 
Appendix  B. 

Locations  of  subject-mounted  photometric  targets  or  fiducials  were  generally  in 
accordance  with  the  guidelines  provided  in  "Film  Analysis  Guide  for  Dynamic 
Studies  of  Test  Subjects,  Recorrmended  Practice"  (SAE  J138,  March  1980).  Figures 
E-l  and  E-2  document  the  fiducial  locations  used  for  each  phase  of  this  study. 
Figure  E-3  shows  the  origin  and  orientation  of  the  left-handed  photometric  coor¬ 
dinate  system. 

These  data  were  analyzed  by  means  of  the  Wilcoxon  paired-replicate  rank  test. 

The  analyses  were  two-tailed  tests  with  the  90%  confidence  level  chosen  as  the 
level  of  statistical  significance.  The  Wilcoxon  comparisons  of  parameters  for 
which  there  were  statistically  significant  differences  are  also  presented  in 
this  appendix.  These  statistically  significant  trends  are  summarized  in  the 
body  of  the  report  in  Tables  4  and  6. 

Digitized  film  frame  data,  acquired  as  described  in  Appendix  B,  were  processed 
on  a  Control  Data  Corporation  Cyber  74  computer  system.  Generally,  the  analysis 
r-'quired  that  a  photometric  target  be  viewed  by  two  cameras,  the  locations  and 
orientations  of  which  were  precisely  known.  The  position  data,  digitized  with 
respect  to  the  individual  film  frames,  were  then  combined  to  fix  the  three- 
dimensional  target  position  with  respect  to  the  real-space  seat  coordinate 
system  (Figure  B-7).  Details  of  the  pertinent  software  routines  used  in  this 
process  are  described  elsewhere  (Graf  et  aj_.,  1978;  Brinkley  et  aK,  1981). 

Modifications  were  made  to  the  existing  software  in  order  to  calculate  the  vec¬ 
tor  displacement  of  a  target  from  its  initial  position.  An  algorithm,  which 
subtracted  the  initial  or  pre-impact  fiducial  position  vector  from  each  sub¬ 
sequent  position  vector  throughout  the  impact,  was  implemented.  The  magnitudes 
of  these  resultant  displacement  vectors  were  calculated  and,  for  each  target, 
the  maximum  resultant  displacement  was  determined.  Analysis  outputs  included 
position-time  and  displacement-time  histories  for  the  head  and  knee  fiducials. 
The  time  increment  between  data  points  was  1  millisecond. 


The  accuracy  of  the  photometric  data  reduction  system  in  tracking  static  fidu- 
cials  was  assessed.  Five  fiducials  were  placed  on  the  horizontal  test  fixture 
at  various  locations.  These  stationary  photometric  targets  were  filmed  and  the 
target  positions  were  digitized  in  the  usual  fashion.  The  computed  coordinate 
positions  of  these  fixed  targets  were  then  compared  to  the  coordinate  values 
obtained  by  direct  measurement  with  a  yardstick.  In  this  way,  the  differences 
between  computed  and  measured  positions  were  obtained.  This  technique  revealed 
that  the  photometric  data  reduction  system  was  accurate  to  within  0.07  inches 
+  0,04  inches  at  the  95%  confidence  level.  The  resolution  and  ultimate  accuracy 
of  the  manual  measurements  was  also  in  the  0.05  to  0.10  inch  range. 


TRBLE  E-l 


MAXIMUM  HERO  RNO  KNEE  DISPLACEMENTS  (INCHES) 
FROM  HORIZONTAL  TEST  PHRSE 


CELL  C 

IF  MATRIX 

SUBJ 

DISPLACEMENT 

B-l 

HORIZONTAL 

VERTICAL 

RESULTANT 

B-2 

HORIZONTAL 

VERTICAL 

RESULTANT 

B-3 

HORIZONTAL 

VERTICAL 

RESULTANT 

B-4 

HORIZONTAL 

VERTICAL 

RESULTANT 

C-l 

HORIZONTAL 

VERTICAL 

RESULTANT 

C-2 

HORIZONTAL 

VERTICAL 

RESULTANT 

E-2 

HORIZONTAL 

VERTICAL 

RESULTANT 

HORIZONTAL 

VERTICAL 

RESULTANT 


HORIZONTAL 

VERTICAL 

RESULTANT 


HORIZONTAL 

VERTICAL 

RESULTANT 


HORIZONTAL 

VERTICAL 

RESULTANT 


HORIZONTAL 

VERTICAL 

RESULTANT 


HORIZONTAL 

VERTICAL 

RESULTANT 


HORIZONTAL 

VERTICAL 

RESULTANT 


4.9 

9.2 

3.4 

0.3 

7.0 

7.6 

0.  1 

11.0 

7.5 

9.4 

3.9 

0.0 

10.2 

3.6 

9.6 

cd  ao  zr  cd  cd  zr  m  c. 


TABLE  E - 1  (CONTINUED) 


MAXIMUM  HEAD  AND  KNEE  DISPLACEMENTS  (INCHES) 
FROM  HORIZONTAL  TEST  PHASE 


CELL  OF  MATRIX 

C 

D 

SUB  J 

DISPLACEMENT 

HEAD 

KNEE 

HEAD 

KNEE 

HORIZONTAL 

8.2 

2.9 

3.7 

8-1 

VERTICAL 

6.9 

7.6 

6.8 

RESUl TANT 

10.3 

7.  1 

XSbH 

6.5 

HORIZONTAL 

8.6 

6.8 

8.0 

5.2 

C\J 

1 

CD 

VERTICAL 

7.2 

32.6 

6.B 

10.3 

RESULTANT 

11.2 

12.4 

10.5 

10.0 

HORIZONTAL 

5.4 

4.2 

6.6 

4.2 

B-3 

VERTICAL 

4.0 

9.5 

4.7 

7.5 

RESULTANT 

6.6 

9.5 

7.9 

7.8 

HORIZONTAL 

8.5 

3.5 

8.3 

3.3 

B-4 

VERTICAL 

7.9 

9.5 

7.2 

6.2 

RESUlTANT 

1 1 .5 

7.3 

10.9 

4.8 

HORIZONTAL 

C-l 

VERTICAL 

RESULTANT 

HORIZONTAL 

8.0 

6.0 

B.8 

4.7 

C-2 

VERTICAL 

7.0 

12.3 

6.0 

9.2 

RESULTANT 

10.5 

12.7 

9.7 

9.5 

HORIZONTAL 

9.2 

■SSi 

8.2 

3.9 

r\j 

i 

UJ 

VERTICAL 

7.9 

5.8 

8.8 

resultant 

11.3 

■EBv*: 

9.4 

8.6 

mm 

HORIZONTAL 

5.0 

7.  B 

4.  1 

VERTICAL 

imam' 

9.9 

6.7 

9.0 

mm 

resultant 

9.6 

9.7 

8.8 

HORIZONTAL 

7.9 

3.8 

G-3 

VERTICAL 

6.6 

8.6 

RESU. TANT 

10.2 

8.5 

HORIZONTAL 

6.7 

■SKI 

H-6 

VERTICAL 

3.5 

RESULTANT 

7.5 

■SI 

mm 

HORIZONTAL 

ip 

3.2 

8.  1 

2.3 

VERTICAL 

7.3 

8.9 

6.9 

tarn 

RESULTANT 

HEHiMflil 

7.  3 

11.7 

6.5 

H 

HORIZONTAL 

4.8 

3.3 

6.6 

3.2 

vertical 

2.5 

7.2 

3.2 

6.8 

RESULTANT 

4.9 

7.2 

7.0 

6.5 

HORIZONTAL 

8.0 

4.1 

8.3 

5.  1 

K-l 

VERTICAL 

5.8 

7.3 

7.6 

8.9 

RESULTANT 

9.4 

7.6 

10.9 

9.5 

HORIZONTAL 

8.9 

■nag 

8. 1 

1.8 

Ml  3 

VERTICAL 

9.6 

wmm 

6.5 

5.9 

RESULTANT 

12.9 

K8H 

9.9 

4.8 

CELL  OF  MATRIX 


C 


D 


SUBJ 

DISPLACEMENT 

HE  AO 

KNEE 

HERO 

KNEE 

HORIZONTAL 

IBgBp 

4.0 

10.9 

3.5 

P-3 

VERT  ICAL 

if 

8.2 

6.  1 

7.8 

RESULTANT 

mam  . 

8.  1 

11.8 

7.  7 

HORIZONTAL 

8.9 

4.0 

8.  1 

4.2 

R-2 

VERTICAL 

8.8 

8.9 

7.  7 

7.9 

RESULTANT 

12.0 

8.8 

11.1 

8.0 

HORIZONTAL 

6. 1 

2.8 

R-3 

vertical 

4.9 

6.8 

RESULTANT 

7.6 

6.7 

HORIZONTAL 

2.6 

3.0 

T-l 

VERT  ICAL 

HKHIBfiH 

8.3 

KsH 

8.7 

resultant 

6.1 

8.3 

7. 1 

8.8 

HORIZONTAL 

8.4 

6.6 

6.7 

4.3 

H-4 

VERT  JCAl 

5.7 

22.  1 

2.3 

8.6 

resultant 

9.6 

12.2 

6.8 

8.4 

2  Dental  Appliance 

3  Shoulder 

4  Elbow 

5  Knee 

6  Aft  Plexiglass 

7  Seat 

8  Lower  Fixture 

9  Upper  Fixture 


Figure  E-l 


1  Upper  Carri age 

2  Upper  Left  Frame 

3  Center  Carri age 

4  Center  Right  Frame 

5  Lower  Left  Frame 

6  Lower  Right  Frame 


7  Elbow 

8  Shoulder 

9  Chest  Accelerometer 

10  Dental  Appliance 

11  Lower  Helmet 

12  Upper  Helmet 


Figure  E-2.  Target  Placement  During  Vertical  Test  Phase 


M1LC0X0N  COMPARISON  A-B 


ANALYSIS  OF  VERTICAL  HERO  DISPLACEMENT 


(IMPACT  MAXIMUM) 


SUB  J 

A  CELL 
VALUE 

B  CELL 
VALUE 

DIFFERENCE 
(A  -  B) 

RANK  OF 
DIFFERENCE 

SIGNED 
RANK  (NEG) 

SIGNED 
RANK  IPOS! 

B-l 

7.50 

6.66 

0.  84 

4.00 

0.00 

4.00 

B-3 

5.03 

5.56 

-0.53 

3.00 

3.00 

0.00 

C-l 

8. 9  J 

7.02 

1.89 

8.00 

0.00 

8.00 

F-2 

7.64 

8.51 

-0.87 

6.00 

6.00 

0.00 

G-3 

7.74 

7.29 

0.45 

2.00 

0.00 

2.00 

J-4 

3.29 

1.65 

1.64 

7.00 

0.00 

7.00 

K-l 

6.38 

5.53 

0.  85 

5.00 

0.00 

5.00 

R-2 

7.29 

6.86 

0.43 

1.00 

0.00 

1.00 

R-3 

5.99 

1.82 

4.17 

10.00 

0.00 

10.00 

W-4 

7.32 

4.99 

2.33 

9.00 

0.00 

9.00 

MEAN 

MEAN 

A: 

B: 

6.71 

5.59 

STO 

STD 

DEV  A: 

OEV  8: 

1.61  SUM 

2.27  SUM 

OF  NEC  RANKS: 
OF  POS  RANKS: 

9.00 

46.00 

THERE  IS  A  207.  INCREASE  IN  THE  PARAMETER  MEAN  12=  s  0.10). 


W1LC0X0N  COMPARISON  A-B 


ANALYSIS  OF  RESULTANT  HEAD  DISPLACEMENT 


(IMPACT  MAXIMUM) 


A  CELL 

B  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUB  J 

VALUE 

VALUE 

(A  -  B) 

DIFFERENCE 

RRNK  (NEG) 

RANK  (POS) 

B-l 

10.62 

10.16 

0.46 

2.00 

0.00 

2.00 

B-3 

8.40 

8.81 

-0.41 

1.00 

1.00 

0.00 

C-l 

12.88 

10.97 

1.91 

7.00 

0.00 

7.00 

F-2 

10.06 

10.96 

-0.90 

5.00 

5.00 

0.00 

G-3 

11.2? 

10.  75 

0.47 

3.00 

0.00 

3.00 

J-4 

7.24 

5.20 

2.04 

9.00 

0.  00 

9.00 

K-l 

10.00 

9.42 

0.58 

4.00 

0.00 

4.00 

R-2 

11.47 

10.36 

1.11 

6.00 

0.00 

6.00 

R-3 

9.24 

5. 65 

3.59 

10.00 

0.00 

10.00 

M-4 

11.41 

9.48 

1.93 

8.00 

0.00 

8.00 

MEAN  A: 

10.25 

STD 

OEV  A: 

1.65  SUM 

OF  NEG  RANKS: 

6.00 

MEAN  B: 

9.18 

STO 

OEV  B: 

2.10  SUM 

OF  POS  RANKS: 

49.00 

THERE  IS 

A  127 

INCREASE  IN 

THE  PARAMETER 

MEAN  12®  S  0. 

05)  . 

MILCQXQN  COMPARISON  A-B 


flNALTSIS  OF  VERTICAL  KNEE  DISPLACEMENT 
(IMPACT  MAXIMUM) 


A  CELL 

B  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUB  J 

VALUE 

VALUE 

(A  -  B) 

DIFFERENCE 

RANK  (NEG) 

RANK  (P05) 

0-1 

8.21 

7.76 

0.45 

4.00 

0.00 

4.00 

B-3 

8.24 

9.75 

-1.51 

6.00 

6.00 

0.00 

C-l 

10.25 

7.64 

2.61 

10.00 

0.00 

10.00 

F-2 

10.82 

10.43 

D.  39 

3.00 

0.00 

3.00 

G-3 

10.23 

10.54 

-0.31 

2.00 

2.00 

0.00 

J-4 

9.20 

7.33 

1.87 

7.00 

0.00 

7.00 

K-l 

8.33 

8.10 

0.23 

1.00 

0.00 

1.00 

R-2 

9.01 

8.52 

0.49 

5.00 

0.00 

5.00 

R-3 

10.84 

8.66 

2.  18 

8.00 

0.00 

8.00 

W-4 

11.74 

9.24 

2.50 

9.00 

0.00 

9.00 

MILCOXON  COMPARISON  A-C 


ANALTSIS  OF  VERTICAL  HERO  DISPLACEMENT 


(IMPACT 

SUB  J 

MAXIMUM) 

A  CELL 
VALUE 

C  CELL 
VALUE 

DIFFERENCE 
IA  -  C! 

RANK  OF 
DIFFERENCE 

SIGNED 
RANK  1NEG) 

SIGNED 
RANK  IPOS) 

B-l 

7.50 

6.86 

0.64 

5.00 

0.00 

5.00 

B-3 

5.03 

3.98 

1.05 

8.00 

0.00 

8.00 

C-2 

7.56 

6.98 

0.58 

3.00 

0.00 

3.00 

F-2 

7.64 

7.74 

-0.  10 

1.00 

1.00 

0.00 

H-6 

7.05 

3.45 

3.60 

11.00 

0.00 

11.00 

J-3 

8.40 

7.73 

0.67 

6.00 

0.00 

6.00 

J-4 

3.29 

2.52 

0.  77 

7.00 

0.00 

7.00 

K-l 

6.38 

5.76 

D.  62 

4.00 

0.00 

4.00 

Ml  3 

10.04 

9.64 

0.40 

2.00 

0.00 

2.00 

R-2 

7.29 

8.78 

-  i .  49 

9.00 

9.00 

0.00 

H-4 

7.32 

5.71 

1.61 

10.00 

0.00 

10.00 

MEAN  A: 
MEAN  C: 

THERE  IS 

7.05 

6.29 

A  12V 

STD  DEV  A: 

STD  DEV  C: 

INCREASE  IN  THE 

1.74  SUM 

2.25  SUM 

PARAMETER 

OF  NEC  RANKS: 
OF  POS  RANKS: 

MEAN  12“  s  0. 

10.00 

05)  . 

56.00 

WILCOXON  COMPARISON  A-C 


ANALTS1S  OF  RESULTANT  HEAD  DISPLACEMENT 
(IMPACT  MAXIMUM) 


A  CELL 

C  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUB  J 

VALUE 

VALUE 

(A  -  C) 

DIFFERENCE 

RANK  (NEG) 

RANK  IPOS 

B-l 

10.62 

10.25 

0.37 

2.00 

0.00 

2.00 

B-3 

8.40 

6.56 

1.84 

8.00 

0.00 

8.00 

C-2 

11.16 

10.51 

0.65 

6.00 

0.00 

6.00 

F-2 

10.06 

10.21 

-0.  15 

1.00 

1.00 

0.00 

H-6 

1 1.44 

7.46 

3.98 

11.00 

0.00 

11.00 

J-3 

10.52 

10.00 

0.52 

3.00 

0.00 

3.00 

J-  4 

7.24 

4.88 

2.36 

10.00 

0.00 

K-l 

10.00 

9.42 

0.58 

5.00 

0.00 

5.00 

Ml  3 

13.62 

12.88 

0.  74 

7.00 

0.00 

7.00 

R-2 

11.47 

12.02 

-0.  55 

4.00 

4.00 

0.00 

W-4 

1 1  .41 

9.56 

1.85 

9.00 

0.00 

9.00 

MEAN 

A: 

10.54 

STO 

DEV  A: 

1.68 

SUM 

OF  NEG  RANKS: 

5.00 

mean 

C: 

9.43 

STD 

DEV  C: 

2.33 

SUM 

OF  POS  RANKS: 

61.00 

THERE  IS  A  I IV.  INCREASE  IN  THE  PARAMETER  MEAN  12“  s  O.Oll 


M1LC0X0N 

COMPARISON 

B-D 

ANALYSIS 

OF  VERTICAL 

KNEE  DISPLACEMENT 

I1HPRCT 

MAXIMUM] 

6  CELL 

0  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SUB  J 

VAlUE 

VALUE 

IB  -  D) 

DIFFERENCE 

RANK  (NEG) 

RANK  (POS) 

B-l 

7.76 

6.81 

0.  95 

6.00 

0.00 

6.00 

B-2 

11.55 

10.27 

1.28 

8.00 

0.00 

8.00 

8-3 

9. 75 

7.52 

2.23 

12.00 

0.00 

12.00 

MEAN  B: 

9.21 

STD  DEV  B: 

1.26  SUM 

OF 

NEG  RANKS: 

4.00 

MEAN  0: 

8.  14 

5 TO  OEV  0: 

1.06  SUM 

OF 

POS  RANKS: 

74.00 

THERE  IS 

A  )  37. 

increase  in 

THE  PARAMETER 

MEAN  12“  s  0. 

Oil  . 

NILCOXON 

COMPARISON  B-0 

ANALYSIS 

OF  resultant  knee  displacement 

IIMPRCT 

MAX  I  MUM) 

B  CELL 

D  CELL 

DIFFERENCE 

RANK  OF 

SIGNED 

SIGNED 

SuBJ 

VAlUE 

VALUE 

(B  -  D) 

DIFFERENCE 

RANK  (NEG1 

RANK  IPOS 

3-1 

7.53 

6.54 

0.  99 

6.00 

0.00 

6.00 

B-2 

11.01 

10.00 

1.01 

7.00 

0.00 

7.00 

8-3 

10.26 

7.  79 

2.47 

12.00 

0.00 

12.00 

F  -  2 

10. 78 

8.84 

1.94 

11.00 

0.00 

11.00 

G-3 

10.41 

8.53 

1.88 

9.00 

0.00 

9.00 

J-4 

6.88 

6.50 

0. 38 

1 . 00 

0.00 

1.00 

K  -  1 

8. 74 

9.52 

-0.  78 

4.00 

4.00 

0.00 

P-3 

8.54 

7.73 

0. 81 

5.00 

0.00 

5.00 

R-2 

8.59 

7.98 

0.61 

3.00 

0.00 

3.00 

R-3 

8.66 

6.  74 

1.92 

10.00 

0.00 

10.00 

T-l 

10.01 

8.76 

1.25 

8.00 

0.00 

8.00 

H-4 

8.98 

8.43 

0.55 

2.00 

0.00 

2.00 

MEAN  B: 

9.20 

STD  DEV  8: 

1.30  SUM 

OF 

NEG  RANKS: 

4.00 

MEAN  0: 

8.1 1 

STO  OEV  0: 

1.13  SUM 

OF 

POS  RANKS: 

74.00 

THERE  15  A  1 32  INCREASE  IN  THE  PARAME  TER  HERN  12“  S  0.01). 
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